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1 
ABSTRACT 
 
Health is influenced by the socioeconomic conditions in which people are born, grow, live, work and get 
old and is modeled by the distributions of income, power, prestige and access to resources. 
Socioeconomic inequalities in health negate some groups of people their right to equality of opportunity. 
Throughout this thesis, we aimed to describe how underlying unequal social structures shape the 
cardiovascular health of the Portuguese population. To pursue this objective, we performed six studies 
that explored how socioeconomic determinants influence cardiovascular disease (CVD) in a centrifugal 
perspective. We started our analyses by assessing socioeconomic dimensions closer to the individual, 
including gender, educational achievement or occupational differentiation, to then focus our interest on 
more distal socioeconomic aspects like neighborhood socioeconomic deprivation, international migration 
and regional differences in the magnitude of inequalities. Additionally, we also aimed to demonstrate how 
inequalities are measurable from the onset of early eminently behavioral risk factors, going through 
attitudes towards healthcare use, to then focus our attention on the assessment of inequalities on the 
overt diagnoses of hypertension, hypercholesterolemia or diabetes mellitus and their respective 
proportions of treatment uptake and control. The next paragraphs briefly describe the specific objective 
pursued in each study, as well as the methodology adopted and main results.   
 
1. To estimate the prevalence of hypercholesterolemia, eligibility for lipid-lowering drug therapy 
and metabolic control among medicated individuals, in women and men 
 
In 1999–2003, we surveyed a sample of the population of Porto aged 40–65 years. Trained 
interviewers collected data from 1,215 subjects (789 women) on demographic variables, medical 
history, and medication using structured questionnaires. A fasting venous blood sample was 
collected. Subjects were considered low-risk or high-risk as indicated in the European guidelines. 
Hypercholesterolemia was defined as total cholesterol ≥5 mmol/l or low-density-lipoprotein 
cholesterol (LDL cholesterol) ≥3 mmol/l in low-risk subjects, total cholesterol ≥4.5 mmol/l or 
LDL cholesterol ≥2.5 mmol/l in high-risk subjects or by being medicated with lipid-lowering 
drugs. Eligibility for treatment was defined as being high-risk and having total cholesterol ≥4.5 
mmol/l, LDL cholesterol ≥2.5 mmol/l or being on treatment. We defined therapeutic success as 
having total cholesterol <4.5 mmol/l and LDL cholesterol <2.5 mmol/l among medicated 
 
2 
subjects. Logistic regression modeling was used to compute odds ratios (OR) and 95% 
confidence intervals (CI) to quantify associations between the different outcome variables and 
covariates. 
 
Overall, 84.9% (95%CI: 82.7–86.8) of subjects had hypercholesterolemia and no gender 
difference was found. Independently of age, men were more likely to be eligible for treatment 
(42.4%) than women (22.4%; OR=2.69, 95%CI: 2.07–3.52). Therapeutic success was less frequent 
in men (46.8%) than in women (66.7%; OR=0.39, 95%CI: 0.17–0.87). 
 
2. To estimate the prevalence of nine established cardiovascular risk factors according to individual 
socioeconomic position, in women and men 
 
Using a sample of 1,704 community dwellers Porto aged ≥40 years, recruited in 1999–2003, we 
quantified the age-standardized prevalence of nine cardiovascular risk factors (diabetes mellitus, 
hypertension, hypercholesterolemia, smoking, sedentariness, abdominal obesity, low fruits and 
vegetables intake, excessive alcohol intake and depression) across educational and occupational 
categories, in women and men. Education attainment was aggregated as <5, 5–11, and >11 years. 
Occupations were classified as upper white collar, lower white collar and blue collar. 
 
The prevalence of seven out of nine risk factors was higher in men. Among women, the 
prevalence of most of the studied risk factors was higher in lower SEP groups. The exception 
was smoking, which increased with education and occupation levels. Among men, socioeconomic 
gradients were less clear, but lower SEP was associated with a higher prevalence of diabetes, 
excessive alcohol intake and depression in a graded mode. 
 
3. To quantify the association between neighborhood deprivation and the consumption of fruits and 
vegetables and leisure-time physical activity, in women and men living in Porto 
 
In 1999–2003, we surveyed a random sample of 2,081 adult residents of Porto. Fruits and 
vegetables consumption was estimated using a validated 82-item semiquantitative food frequency 
questionnaire covering the previous year and expressed in portions per day. Physical activity was 
evaluated using a questionnaire exploring leisure-time activities over the previous year and 
expressed in metabolic equivalents (MET).minute/day. Self-reported address was used to place 
individuals in neighborhoods. Neighborhoods’ socioeconomic characterization was based on 
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aggregated data at the census block level provided by the 2001 National Census. Latent class 
analysis models were used to identify three discrete socioeconomic classes of neighborhoods. 
Random effects models with random intercepts at the neighborhood level were used to explore 
neighborhood clustering and contextual effects of neighborhood deprivation on each of the 
outcomes. 
 
We observed clustering of fruits and vegetables consumption and leisure-time physical activity at 
the neighborhood level only among women. Women living in the most deprived neighborhoods 
presented a consumption increase of 0.43 (95%CI: -0.033 to 0.89) portions of fruits and 
vegetables per day and a decrease in leisure-time physical activity of 47.8 (95%CI: -91.8 to 1.41) 
MET.minute/day, compared to those living in the most affluent neighborhoods. Among men, no 
contextual neighborhood deprivation effects were observed. 
 
4. To compare cardiovascular risk factor prevalence, healthcare use and self-perceived health 
between resident Portuguese and Portuguese migrants in Switzerland 
 
We used data from the Portuguese national health survey (2005-6; 30,173 participants aged 18-
75 years) and four national health surveys conducted in Switzerland (2002, 2004, 2007 and 2011, 
totalling 1,170 Portuguese migrants of the same age range). Self-reported data on length of stay, 
cardiovascular risk factors, healthcare use and health status were collected. Logistic regression 
models were used to estimate the associations between migration status and each outcome. 
 
After adjustment for age, gender, marital status and education, migrants had a higher likelihood 
of smoking, of having a medical visit the previous year, and of self-rating their current health as 
good or very good than Portuguese residents. Compared to Portuguese residents, cholesterol 
screening in the previous year was more common only among migrants living in Switzerland for 
more than 17 years. 
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5. To compare the levels and management of the main cardiovascular risk factors between 
Portuguese living in Porto and Portuguese migrants living in Lausanne 
 
We compared two cross-sectional studies conducted in Porto (EPIPorto, n=1,150) and Lausanne 
(CoLaus, n=388) among subjects aged 35-65 years. Educational level, medical history and time 
since migration were collected using structured questionnaires. Body mass index, blood 
pressure, lipid profiles and glucose levels were measured using standardized procedures. For 
qualitative variables, multivariate analysis was performed using logistic regression and the results 
were expressed as OR and 95% CI. For quantitative variables, multivariate analysis was 
performed using analysis of variance and the results were expressed as multivariate adjusted 
mean ± standard error. 
 
Portuguese living in Porto had higher body mass index levels than Portuguese living in Lausanne. 
Women living in Porto also had a higher waist circumference than women living in Lausanne, 
while no differences were found in men. Portuguese living in Porto had a higher likelihood of 
being obese (OR=1.40, 95%CI: 1.01-1.94) or of having abdominal obesity (OR=1.40, 95%CI: 
1.02-1.93) than Portuguese living in Lausanne. Portuguese living in Porto had higher blood 
pressure levels and a higher likelihood of being hypertensive (OR=1.38, 95%CI: 1.01-1.90). No 
differences were found regarding hypertension management and control. Portuguese living in 
Porto had lower high-density cholesterol lipoproteins (HDL cholesterol) and higher LDL 
cholesterol levels than Portuguese living in Lausanne, while no differences were found for total 
cholesterol and triglycerides. Portuguese living in Porto had a higher likelihood of being 
hypercholesterolemic (OR=1.40, 95%CI: 1.06-1.85) and were less likely to be treated (OR=0.47, 
95%CI: 0.27-0.83) and controlled (OR=0.47, 95%CI: 0.27-0.83) than Portuguese living in 
Lausanne. Portuguese living in Porto had lower glucose levels than Portuguese living in Lausanne. 
No differences were found regarding smoking, and prevalence and management of diabetes. 
 
6. To estimate and compare regional relative and absolute educational inequalities in self-reported 
obesity in Portugal, in women and men. 
 
We used self-reported data from 26,674 subjects (46.6% women) from the Portuguese Health 
Survey conducted in 2005/6. Education was grouped as ≤4, 5-11 and ≥12 complete years of 
education. Occupations were classified as upper white collar, lower white collar and blue collar. 
Obesity was defined by a body mass index ≥30kg/m2. We estimated the age-standardized 
 
5 
prevalence of obesity across educational/occupational categories by economic region (North, 
Centre, Lisbon, Alentejo, Algarve, Azores and Madeira). The Relative Index of Inequality (RII) 
and the Slope Index of Inequality (SII) were used to quantify relative and absolute educational 
inequalities in obesity, respectively. 
 
The prevalence of obesity varied across regions and increased with decreasing levels of 
education and occupation among women only; the magnitude of these differences varied across 
regions. The educational RII (95%CI) and SII (95%CI) ranged from 2.4 (1.1 to 5.1) and 9.7 (-1.3 to 
20.7) in the Centre region to 6.6 (3.0 to 14.2) and 33.0 (26.0 to 40.0) in Alentejo, respectively. 
Among men, no clear graded pattern was observed, although obesity was generally more 
common in lower educational and occupational groups. 
 
 
Inequalities in cardiovascular health are pervasive in Portugal. Throughout this thesis, we reported 
systematic differences in several different and complementary determinants of CVD across some of the 
most important socioeconomic dimensions that stratify populations. By identifying population groups 
that are made vulnerable by an underlying unequal social structure, this thesis contributed to the design 
of adequate strategies aiming to maximize people’s right to equality of opportunity in cardiovascular 
health.  
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RESUMO 
 
A saúde é influenciada pelas condições socioeconómicas em que as pessoas nascem, crescem, vivem, 
trabalham e envelhecem e é modelada pelas distribuições de rendimento, poder, prestígio e acesso a 
recursos. As desigualdades socioeconómicas em saúde negam a alguns grupos de pessoas o seu direito à 
igualdade de oportunidades. Ao longo desta tese, pretendeu-se descrever como estruturas 
socioeconómicas desiguais moldam a saúde cardiovascular da população Portuguesa. Para concretizar 
este objectivo, realizaram-se seis estudos que exploraram a forma como os determinantes 
socioeconómicos influenciam doença cardiovascular numa perspectiva centrífuga. Começámos a nossa 
análise, avaliando dimensões socioeconómicas mais próximas do indivíduo, incluindo género, grau de 
escolaridade ou diferenciação profissional, para depois concentrar o nosso interesse em dimensões 
socioeconómicas mais distais como o ambiente socioeconómico da área de residência, a migração 
internacional e as diferenças regionais na magnitude das desigualdades. Além disso, também se pretendeu 
demonstrar a forma como as desigualdades são mensuráveis logo a partir de fatores de risco 
eminentemente comportamentais, passando por atitudes em relação à saúde, para então concentrar a 
nossa atenção na avaliação das desigualdades na ocorrência de hipertensão arterial, hipercolesterolemia 
e diabetes mellitus, e respectivas proporções de tratamento e de controlo. Os próximos parágrafos 
descrevem resumidamente o objetivo específico estabelecido em cada um dos estudos, bem como a 
metodologia adotada e os resultados principais . 
 
1. Estimar a prevalência de hipercolesterolemia, elegibilidade para tratamento com fármacos 
hipolipemiantes e controlo metabólico em indivíduos medicados, em mulheres e homens 
Entre 1999-2003, seleccionámos uma amostra da população do Porto com idade 40-65 anos. 
Inquiridores treinados colheram informação de 1.215 indivíduos (789 mulheres) sobre variáveis 
demográficas, antecedentes patológicos e medicação em curso, através de questionários 
estruturados. Foi recolhida uma amostra de sangue venoso em jejum. Os participantes foram 
considerados de baixo risco ou de alto risco, conforme indicado nas orientações europeias. 
Definiu-se hipercolesterolemia como colesterol total ≥ 5 mmol/l ou colesterol ligado a 
lipoproteínas de baixa densidade (LDL colesterol) ≥ 3 mmol/l em indivíduos de baixo risco, 
colesterol total ≥ 4,5 mmol/l ou colesterol LDL ≥ 2,5 mmol/l em indivíduos de alto risco, ou 
como estando medicado com fármacos hipolipemiantes. A elegibilidade para tratamento foi 
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definida como sendo de alto risco e apresentando níveis de colesterol total ≥ 4,5 mmol/l ou 
colesterol LDL ≥ 2,5 mmol/l, ou como estando sob tratamento. Definiu-se sucesso terapêutico 
como tendo colesterol total < 4,5 mmol/l e colesterol LDL <2,5 mmol/l em indivíduos 
medicados. Usaram-se modelos de regressão logística para estimar os OR e respectivos 
intervalos de confiança (IC) a 95% das associações entre as diferentes variáveis de resultado e 
co-variáveis. 
Globalmente, 84,9% (IC95%: 82,7-86,8) dos indivíduos apresentavam hipercolesterolemia, não se 
observando diferença entre géneros. Independentemente da idade, os homens eram mais 
frequentemente elegíveis para tratamento (42,4%) do que as mulheres (22,4%; OR=2,69, IC95%: 
2,07-3,52). O sucesso terapêutico foi menos frequente em homens (46,8%) do que em mulheres 
(66,7%; OR=0,39, 95%CI: 0,17-0,87). 
 
2. Estimar a prevalência de nove factores de risco cardiovascular estabelecidos de acordo com a 
posição socioeconómica individual, em mulheres e homens 
Usando uma amostra de 1.704 residentes no Porto com idade ≥40 anos recrutada em 1999-
2003, quantificámos a prevalência padronizada para a idade de nove fatores de risco 
cardiovasculares (diabetes mellitus, hipertensão arterial, hipercolesterolemia, tabagismo, 
sedentarismo, obesidade abdominal, baixo consumo de frutas e vegetais, ingestão alcoólica em 
excesso e depressão), por categoria educacional e ocupacional. A escolaridade foi agregada em 
<5, 5-11 e >11 anos. As profissões foram agregadas em colarinho branco superior, colarinho 
branco inferior e colarinho azul. 
A prevalência de sete dos nove fatores de risco foi superior nos homens. Nas mulheres, a 
prevalência da maioria dos fatores de risco estudados aumentou de forma gradual com a 
diminuição da posição socioeconómica. A exceção foi o tabagismo, que aumentou com os níveis 
de escolaridade e de diferenciação profissional. Nos homens, os gradientes socioeconómicos 
foram menos claros, embora a prevalência de diabetes, de consumo excessivo de álcool e de 
depressão tenham aumentado de forma gradual com o decréscimo da posição socioeconómica. 
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3. Quantificar a associação entre ambiente socioeconómico desfavorecido da área de residência e 
consumo de frutas e vegetais e atividade física de lazer, em mulheres e homens residentes no 
Porto 
Entre 1999-2003, recrutou-se uma amostra aleatória de 2.081 adultos residentes do Porto. O 
consumo de frutas e vegetais foi estimado através de um questionário de frequência alimentar 
semiquantitativo validado contendo 82 itens, referente ao ano anterior e expresso em porções 
por dia. A atividade física foi avaliada através de um questionário validado que explorou a 
atividade física de lazer ao longo do ano anterior e foi expressa em MET.minuto/dia. Cada 
indivíduo foi georeferenciado para uma área de residência com base na morada. A caracterização 
socioeconómica da área de residência baseou-se em dados agregados ao nível da subsecção 
estatística, fornecidos nos Censos de 2001. Utilizaram-se modelos de análise de classes latentes 
para identificar três classes de áreas de residência distintas do ponto de vista socioeconómico. 
Utilizaram-se modelos de efeitos aleatórios para explorar os efeitos de clustering ao nível da área 
de residência e os efeitos contextuais do desfavorecimento socioeconómico da área de 
residência em cada um dos resultados. 
Observou-se um efeito de clustering por área de residência no consumo de frutas e vegetais e na 
atividade física de lazer apenas no sexo feminino. As mulheres que residiam nas vizinhanças mais 
desfavorecidas apresentaram um aumento no consumo de 0,43 (IC95%:-0,033 a 0,89) porções 
de frutas e vegetais por dia e uma diminuição na atividade física de lazer de 47,8 (IC95%:-91,8 a 
1,41) MET.minutos/dia, comparando com mulheres que residiam nas vizinhanças mais 
favorecidas. Nos homens, não se observaram efeitos contextuais da área de residência nos 
resultados estudados. 
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4. Comparar a prevalência de fatores de risco cardiovascular, utilização de serviços de saúde e 
auto-percepção do estado geral de saúde, entre Portugueses residentes em Portugal e 
Portugueses emigrados na Suíça 
Foram utilizados dados do inquérito nacional de saúde Português (2005-6; 30.173 participantes 
com idades entre 18-75 anos) e quatro inquéritos nacionais de saúde realizados na Suíça (2002, 
2004, 2007 e 2011, totalizando 1.170 imigrantes portugueses da mesma faixa etária). Recolheu-se 
informação auto-declarada sobre a duração da estadia, fatores de risco cardiovascular, utilização 
de serviços de saúde e estado geral de saúde. Usaram-se modelos de regressão logística para 
estimar as associações entre migração e cada variável resultado. 
Após ajuste para idade, género, estado civil e escolaridade, comparando com os residentes em 
Portugal, os migrantes apresentavam maior probabilidade de fumar, de ter tido uma consulta 
médica no ano anterior, e de auto-avaliarem a sua saúde como boa ou muito boa. Comparando 
com os residentes em Portugal, o rastreio de colesterol no ano anterior foi mais comum apenas 
entre os migrantes que viviam na Suíça há mais de 17 anos. 
 
5. Comparar os níveis e gestão dos principais fatores de risco cardiovascular entre Portugueses 
residentes no Porto e Portugueses emigrados em Lausanne 
Foram comparados dois estudos transversais realizados em Porto (EPIPorto, n=1.150) e 
Lausanne (CoLaus, n=388), considerando indivíduos com idades entre 35-65 anos. Usando 
questionários estruturados, recolheu-se informação sobre nível de escolaridade, antecedentes 
patológicos e tempo desde a migração. O índice de massa corporal, a pressão arterial, os perfis 
lipídicos e a glicose sérica foram medidos através de procedimentos padronizados . Para as 
variáveis qualitativas, a análise multivariada foi realizada através de regressão logística e os 
resultados foram expressos como OR e IC95%. Para as variáveis quantitativas, a análise 
multivariada foi realizada por meio de análise de variância e os resultados foram expressos como 
média ajustada ± erro padrão. 
Os Portugueses residentes no Porto apresentaram maiores níveis de índice de massa corporal 
do que os migrantes em Lausanne. As mulheres que viviam no Porto também apresentaram um 
perímetro da cintura maior do que as mulheres emigradas em Lausanne. Os residentes no Porto 
apresentaram uma maior probabilidade de serem obesos (OR=1,40, 95%CI:1,01-1,94) ou de 
apresentarem obesidade abdominal (OR=1,40, 95%CI:1,02-1,93) do que os Portugueses 
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residentes em Lausanne. Os residentes no Porto apresentavam níveis mais elevados de pressão 
arterial e uma maior probabilidade de serem hipertensos (OR=1,38, 95%CI:1,01-1,90). Não 
foram encontradas diferenças em relação à gestão e controle da hipertensão. Os residentes no 
Porto apresentavam menores concentrações de colesterol HDL e níveis mais elevados de 
colesterol LDL do que os Portugueses residentes em Lausanne, embora não se observassem 
diferenças relativamente ao colesterol total e aos triglicerídeos. Os residentes no Porto 
apresentaram uma maior probabilidade de hipercolesterolemia (OR=1,40, IC95%:1,06-1,85) e 
foram uma menor propensão a tratamento (OR=0,47, IC95%:0,27-0,83) e controlo metabólico 
(OR=0,47, IC95%:0,27-0,83) do que os Portugueses residentes em Lausanne. Os residentes no 
Porto apresentaram níveis de glicose mais baixos do que os Portugueses residentes em 
Lausanne. Não se observaram diferenças relativamente ao consumo tabágico, e a prevalência e 
controlo da diabetes. 
 
6. Quantificar e comparar as desigualdades educacionais regionais relativas e absolutas na obesidade 
auto-declarada em Portugal, em mulheres e homens . 
Recolheu-se informação auto-declarada de 26.674 indivíduos (46,6% mulheres) avaliados no 
inquérito nacional de saúde 2005/6. O nível de escolaridade foi agrupado em ≤4 , 5-11 e ≥12 
anos completos de escolaridade. As profissões foram agrupadas em colarinho branco superior, 
colarinho branco inferior e colarinho azul. A obesidade foi definida por um índice de massa 
corporal ≥30kg/m2. Estimou-se a prevalência de obesidade padronizada para a idade em todas as 
categorias de escolaridade/profissão, por região económica (Norte, Centro, Lisboa, Alentejo, 
Algarve, Açores e Madeira). Para quantificar as desigualdades educacionais relativas e absolutas 
na obesidade, estimaram-se o Relative Inequality Index (RII) e o Slope Inequality Index (SII), 
respectivamente. 
A prevalência da obesidade variou entre as regiões económicas e aumentou com a diminuição 
dos níveis de escolaridade e de diferenciação profissional apenas entre mulheres, tendo a 
magnitude dessas diferenças variado entre as regiões. O RII (IC95%) e SII (IC95%) variaram de 
2,4 (1,1-5,1) e 9,7 (-1,3 a 20,7) na região do Centro até 6,6 (3,0-14,2) e 33,0 (26,0-40,0) no 
Alentejo, respectivamente. Entre os homens não se observaram gradientes socioeconómicos 
evidentes, embora a obesidade fosse geralmente mais comum em grupos educacionais e 
ocupacionais mais baixos. 
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As desigualdades na saúde cardiovascular são comuns em Portugal. Ao longo desta tese, relataram-se 
diferenças sistemáticas em vários determinantes de doença cardiovascular entre grupos populacionais 
definidos por alguns dos mais importantes estratificadores socioeconómicos. Ao identificar os grupos 
populacionais vulneráveis definidos por uma estrutura social desigual subjacente, esta tese contribuiu 
para o desenho de estratégias visando maximizar o direito das pessoas à igualdade de oportunidades na 
área da saúde cardiovascular. 
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1. INTRODUCTION 
 
The introductory chapter of this thesis is organized as follows.  
In the first section, the historical framework for the study of health inequalities is presented. If the 
observation that individuals of lower socioeconomic position (SEP) tend to present worse health 
outcomes has been consistently reported for several years, then why is social epidemiology a relatively 
recent epidemiologic discipline? After highlighting the importance of contexts on individual choices, a 
conceptual model for the study of the social determinants of health is presented. Finally, the need for 
multilevel thinking to assess the independent effects of upstream social determinants of health is 
discussed.  
The second section of the introduction focuses on justice. Are all inequalities in health unfair? To 
adequately answer this question, one must explore the theories of justice that frame such moral 
judgment. Besides discussing the different types of inequalities commonly presented in the epidemiologic 
literature, a brief account of the main theories of justice and their implication for the normative 
evaluation of inequalities is presented. 
The third section addresses the question of how the placement of individuals in a particular location 
within the socioeconomic societal structure defines exposures in social epidemiology. If we are to 
compare and discuss differences in health behaviors or health outcomes between different population 
groups, we must provide a solid theoretical basis for the choice of the variables that define those groups. 
A discussion on some of the most commonly used indicators of SEP with an emphasis on those used 
throughout this thesis is presented. 
The fourth section focuses on the main outcomes used throughout the text. Besides briefly presenting 
the pathogenesis and natural history of coronary heart disease (CHD) as a paradigm for CVD, it 
describes the burden that this condition has on the health of populations, justifying its importance as a 
major public health problem. Furthermore, some of the most important studies aiming to identify the 
main determinants of cardiovascular disease (CVD) are introduced. The fact that a large fraction of 
incident CVD is explained by a relatively small number of cardiovascular risk factors is then used to 
justify their adoption as endpoints throughout the papers that compose this thesis. 
In the fifth section of this introduction, a review of the literature on inequalities in cardiovascular health 
is presented. Starting with evidence of inequalities reported at the individual level, it then broadens this 
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concept by including studies focusing on the independent effect of neighborhood characteristics on 
cardiovascular health. Finally, a review of the main migrant studies addressing cardiovascular outcomes is 
presented.  
In the sixth and last section, the Portuguese society is introduced. By describing the trends of key 
socioeconomic indicators over the last half century, a discussion on how recent historical events have 
shaped the Portuguese social structure is presented. This section sets out the context in which this work 
has been developed and discusses the main dimensions in which Portugal is frequently considered to be 
one of Europe’s most unequal societies. 
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The association between adverse socioeconomic circumstances and adverse health outcomes is a 
common observation. People in the lower end of the social stratification in society tend to be more ill 
and to live unhealthier lives than those in the upper end. This remains true if we stratify society by 
educational attainment (1-3), professional differentiation (4-6), income (7-9), migrant status (10) or 
neighborhood characteristics (11-14). Inequalities in various health outcomes occur throughout the life 
course. Unhealthier lifestyle patterns (15, 16), higher fatal injury frequency (17), worse illness profiles 
(18), less frequent physical and psychological well-being (19), higher frequency of chronic disease (20) 
and higher risk of death (21) are all more common in children with parents of a lower SEP, when 
compared to their more well-off counterparts. The effect of childhood socioeconomic circumstances 
tracks into adolescence (22), adult- (23) and elderly-life (24), and impacts on disease-specific mortality 
rates (25). Even adverse socioeconomic circumstances of pregnant women during early fetal life may 
have a negative health impact on their offspring’s later life. For instance, subjects born to mothers who 
were exposed to famine (26) or lived in adverse socioeconomic circumstances (27) during pregnancy 
have a higher risk of developing heart disease later in life. The accumulation of exposure to an adverse 
socioeconomic environment throughout the life course increases the risk of disease (28). Even though 
indicators of SEP are not standardized across different settings, socioeconomic disparities are found in 
low-income (29), middle-income (30) and high-income countries (4). 
Health is a fundamental human right. To be in good health is a condition to fully benefit from lifetime 
opportunities. Socioeconomic inequalities deny some groups of people their right to health equality. 
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1.1 HISTORICAL FRAMEWORK FOR THE STUDY OF HEALTH INEQUALITIES: THE RISE 
OF SOCIAL EPIDEMIOLOGY 
Epidemiology is the study of the occurrence and distribution of health-related states or events in 
specified populations, including the study of the determinants influencing such states, and the application 
of this knowledge to control health problems (31, 32). One of the first systematic reports showing social 
variations in morbidity and mortality was authored by one of the earliest British vital statisticians in 1662, 
John Graunt. This document was entitled "Natural and Political Observations" and was based on 
mortality bills, which can be seen as the precursors of current mortality tables. Among other dimensions, 
it analyzed burials, christenings, the plague, the proportion of deaths from acute and chronic diseases, 
the percentage of those dying of old age, the deaths from starvation and murder (33). In the nineteenth 
century, physicians like Villerme and Virchow recognized work conditions and social class as important 
health determinants. In 1897, Durkheim explored social integration and its association with mortality 
(32). The idea that social conditions affect the health of populations is not new. Yet, social epidemiology 
is. 
Throughout the nineteenth and early twentieth centuries, public health professionals were particularly 
interested in the improvement of physical environments, sanitation, nutrition and vaccination, especially 
among the poor. These interventions were accompanied by a general increase in life expectancy. During 
this period an overall improvement in population health occurred. Some infectious diseases were 
controlled or eradicated while others emerged, and the major causes of death and disability shifted from 
communicable to non-communicable diseases. Yet, social disparities remained high and even increased in 
many countries. The persistence of these patterns presented an appropriate setting for epidemiologic 
reasoning to understand disease causation assuming social experiences as more direct causes than 
previously expected. Social epidemiology is the branch of epidemiology that studies the social 
distribution and social determinants of states of health (34). It is more interested in social phenomena 
like socioeconomic stratification, social networks or discrimination than on specific disease outcomes. 
Throughout the second half of the twentieth century, many different scientific fields converged to the 
benefit of the development of social epidemiology. The accumulation of empirical evidence regarding 
stress and physiologic responses to stressful situations is amongst the most critical achievements. 
Psychologists, neuroendocrinologists, psychoneuroimmunologists developed models that explain the 
links between external stressors and physiologic responses. Particularly, the more recent work on 
allostatic load has contributed to the understanding of biologic mechanisms, specific behaviors and 
exposures that seem to mediate the associations observed between social conditions and health 
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outcomes (32). This knowledge contributed to blur the dichotomy between psychosomatic and physical 
illness, hitherto commonly accepted to exist. In fact, nowadays it is generally accepted that only rarely, if 
ever, a disease is caused by a single necessary and sufficient cause. This fundamental change has posed 
many new questions that are central to the advance of the field of social epidemiology. 
1.1.1 A POPULATION PERSPECTIVE 
The concept of risk distribution in populations was an important theoretical breakthrough that gave a 
solid basis to advance our understanding of the relations between social factors and health (32). A 
person’s risk of disease cannot be isolated from the disease risk of the population to which he/she 
belongs. This insight was provided in 1992 by an epidemiologist called Geoffrey Rose in his seminal book 
on the strategy of preventive medicine (35). Here, Rose noted that rarely are exposures or diseases 
binary in nature. Instead, risks are commonly distributed along a continuum and even small shifts in the 
distribution of risk of a certain population can be responsible for large changes in the health status of 
that population. One of the consequences of this approach is that different etiologic questions can be put 
when we look at the determinants of a particular risk factor distribution rather than try to understand 
why some individuals are at the tails of that distribution. By focusing on this population-based strategy 
instead of a high-risk one, different questions and preventive approaches arise. For instance, let us 
consider the fact that a person living in Portugal is more likely to die prematurely from myocardial 
infarction compared to someone living in Japan. This happens not only because many Portuguese 
individuals have high levels of cholesterol, but because the Portuguese population distribution of 
cholesterol as a whole is shifted to the right of the Japanese distribution. A given level of blood 
cholesterol that could be considered “normal” in the Portuguese population would be classified as clearly 
abnormal in the Japanese population. Additionally, studies of migrants have shown that genetics is not the 
most plausible explanations for these distribution differences. For example, Japanese migrants to America 
tend to converge to American standards in terms of their cardiovascular risk profiles (36).  
Rose’s theory has immediate implications to the field of social epidemiology. After acknowledging 
population differences in risk distributions, we must embed the social context in our efforts to 
understand why people get sick or stay healthy. Applying the population perspective into epidemiologic 
reasoning implies trying to understand not only why a specific individual became sick, but also why a 
specific population has a particular risk factor distribution. Importantly, since the majority of cases of 
disease arise from the bulk of the population rather than from high-risk individuals that belong to the tail 
of risk distribution, the potential health benefits are larger when correctly answer the second question.   
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1.1.2 THE IMPORTANCE OF SOCIAL CONTEXT ON BEHAVIORS 
Behaviors occur in a social context (32). To understand why “poor people behave poorly” (37) one has 
to move beyond the paradigm where behaviors are only dependent on individual will. Social contexts 
influence behaviors in several ways. By shaping norms, social environments establish the social 
boundaries of acceptability of human behavior, whether by force of law or not. A simple example could 
be local policies on smoking bans. By enforcing patterns of social control, social contexts also frame 
individual behaviors. If a particular individual shares a social space where most people engage in risky 
behaviors like smoking or not practicing regular physical activity, it may be difficult for that particular 
individual to overcome peer pressure and to have a healthier lifestyle. Environmental opportunities to 
engage in certain behaviors also differ according to the social context. There may be few opportunities 
for a certain individual to adhere to a healthy diet or to have a medical appointment if the availability of 
local markets selling fresh fruits or vegetables is scarce or the public transport network is insufficient. 
Finally, by reducing or catalyzing stress for which certain behaviors can be viewed as a coping strategy, 
social contexts can also affect people’s behaviors (34). In summary, environments place important 
constraints to people’s ability to choose freely.   
1.1.3 CONCEPTUAL MODEL OF SOCIOECONOMIC DETERMINANTS OF HEALTH 
Strengthening health equity means going beyond the immediate causes of disease. The fundamental 
structure of social hierarchy and the socially determined conditions in which people grow, live, work, 
and age can be viewed as potential “causes of the causes” of disease. Figure 1 shows the conceptual 
framework that was developed in 2007 by Solar and Irwin for the Commission on Social Determinants of 
Health (38). This global model suggests that interventions aimed to tackle social inequalities can be 
directed both to the circumstances of daily life and the structural societal drivers. Examples of meaningful 
circumstances of daily life are differential socioeconomic exposures to disease-causing factors in early 
life, with the social and physical environments, and with work. Different population groups will have 
different experiences of material conditions, psychosocial support, and behavioral repertoires, which may 
make them more or less vulnerable to poor health. Circumstances of daily life also include healthcare 
responses to health promotion, disease prevention and treatment. The structural societal drivers include 
broader constructs like the nature and magnitude of social stratiﬁcation in society, the norms, values and 
biases within society, global and national economic and social policies and processes of governance at the 
global, national, and local levels. 
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Figure 1: Conceptual Model of Socioeconomic Determinants of Health. Adapted from: Solar and Irwin (38) 
 
Many of the social determinants considered are relatively far, both spatially and temporally, from 
individuals and health experience. The selection of social determinants of interest should be based on the 
coherence of the global evidence and on the demonstration that these determinants are amenable to 
intervention.  
The work of the Commission was established primarily around nine dimensions: early child development, 
employment conditions, urban settings, social exclusion, women and gender equity, globalization, health 
systems, priority public health conditions, and measurement and evidence. The gender dimension has 
been systematically considered in each of the other themes. Other factors, including food and nutrition, 
rural factors, violence and crime, and climate change were also recognized as important factors for 
health equity (39).  
1.1.4 THE NEED FOR CONTEXTUAL MULTILEVEL THINKING 
Once we accept that behaviors are conditioned by social factors, it becomes logical to accept the need 
to develop methods that are able to disentangle the intricate relations between individual characteristics, 
contextual socioeconomic features and health itself. The exclusive analysis of “micro-level” individual risk 
factors lends a speculative view on how “macro-level” determinants such as culture, social policies or 
neighborhood features are independently associated with health outcomes. While ecologic studies have 
provided a way to explore the effects of environmental features on health, they have been plagued with a 
methodological issue commonly known as ecologic fallacy. This problem occurs when there is an error 
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in inference due to the failure to distinguish between different levels of organization (40). A correlation 
between group (ecological) variables is not always replicated when using information based on individual 
characteristics. In fact, an association measured at one level may disappear or be reversed at another 
level (31). With the accumulation of evidence in the field of social epidemiology, it became clear that 
there are valid ecologic-level exposures related to social environmental features that cannot be 
adequately measured by research restricted to the individual-level (41). For instance, the general 
condition of buildings in a particular neighborhood is a dimension difficult to measure using an exclusively 
individual-level approach. Yet, surveys of general housing conditions may provide valid information to 
characterize neighborhoods. Although other important questions prevail, like the appropriateness of the 
spatial definition of neighborhoods, the use of well specified multilevel models helps to disentangle 
compositional and contextual effects and, ultimately, may allow for the estimation of valid associations 
between ecological variables and health outcomes, taking into account individual characteristics.  
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1.2 ABOUT JUSTICE AND HEALTH 
In December 1948, after the Second World War, the publication of the Universal Declaration of Human 
Rights (42) established standards against which to benchmark achievements in justice in health, both in 
terms of equity in health and well-being, and of access to medical care. The following statements are 
excerpts taken from this document: 
 
Article 25. Everyone has the right to a standard of living adequate for the health and well-
being of himself and of his family, including food, clothing, housing and medical care and 
necessary social services, and the right to security in the event of unemployment, sickness, 
disability, widowhood, old age or other lack of livelihood in circumstances beyond his control. 
Article 2. Everyone is entitled to all the rights and freedoms set forth in this Declaration, 
without distinction of any kind, such as race, colour, sex, language, religion, political or other 
opinion, national or social origin, property, birth or other status. 
The Universal Declaration of Human Rights (42), 1948 (excerpt) 
 
Regrettably, more than half a century later, the ideals for human health and well being set out by this 
document have not become a global reality. 
There is a large and ever-expanding body of literature on the concept of health inequalities that partially 
reflects the lack of agreement about what this expression means. As proposed by Graham (43), one can 
see health inequalities from three broad perspectives: individual differences in health, differences in 
health among population groups and differences in health between groups linked to broader social 
inequalities. These views are distinguished by their focus on individuals (individual differences in health), 
population groups to which individuals belong (health differences among population groups) and unequal 
structures of which groups are part (health differences among unequal groups). 
To some, health inequalities simply translate the differences in health between individuals. Here, the 
focus is exclusively individual. Some individuals are ill while others are healthy. Since these inequalities 
translate a single dimension (health), they have been called ‘pure inequalities’. An example of this view on 
inequalities would be the population distribution of body mass index. Although a pure inequalities 
approach was advocated by the World Health Organization (WHO) in the late 1990s and early 2000s 
(44), the focus on the individual patterning of health was heavily criticized. This reductionist approach 
seemed to direct the international attention away from the broader social inequalities that underlie some 
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of the individual differences in health. According to Braveman et al (45), the measure of health inequality 
used in the World Health Report 2000 was not convenient for guiding national policies because it did 
not capture socioeconomic or other social inequalities in health within countries. Furthermore, it 
removed equity and human rights considerations from the routine measurement and reporting of health 
differences. This simplistic view on health inequalities was quickly abandoned by the WHO (46). 
A second approach to health inequalities acknowledges health differences between population groups. 
These groups can be defined by a large variety of constructs, including age, gender and SEP. A possible 
example could simply be the observation of a direct gradient in the probability of dying across categories 
of increasing age. Another example could be an inverse gradient in the prevalence of obesity across 
categories of increasing individual income. Although variations in health outcomes between groups are 
described, even if analyzing differences between groups of people defined by common markers of SEP, 
the causal content of these relationships is not explored. It is mostly a descriptive exercise. Hence, the 
uses of expressions like “health variations” or “health disparities” is common. 
The third approach explicitly draws attention to the causal content of the association between the 
position people occupy in the social hierarchy and health outcomes. Stated in a different fashion, health 
inequalities are viewed as health differences associated with social inequalities. As proposed by Krieger 
(47), “Social inequalities (or inequities) in health refer to health disparities, within and between countries 
. . . that systematically burden populations rendered vulnerable by underlying social structures and 
political, economic, and legal institutions.” 
1.2.1 HEALTH INEQUALITIES VS. HEALTH INEQUITIES 
The concept of health inequalities is a descriptive one for most health researchers. The simple 
description of individual, social or even socially structured variations in health does not necessarily 
assume a moral judgment (48) on the fairness of the identified differences. On the contrary, the concept 
of health inequities is commonly accepted to be normative in its nature. It relates to health inequalities 
that are unacceptable from political, social and economic points of view (49). The term inequity has both 
moral and ethical implications. It applies to health variations that are judged to be unfair or unjust (50) 
and is not usually employed to qualify individual differences in health. It is commonly accepted that 
“pure” health variations between two individuals are unavoidable. This is easily understandable when we 
see individual variability as the hallmark for the evolution of species. Health variations between 
individuals of similar SEP are also not commonly judged as unfair or unjust. Also, health differences 
between population groups defined by constructs other than broad social divisions are also unlikely to be 
deemed as inequities. For instance, the fact that health is generally poorer among elderly individuals 
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when compared to their young counterparts is unlikely to be judged as unfair. It is the socially structured 
differences in health that are more commonly accepted to be inequitable. 
Why may health differences associated with broader socioeconomic inequalities be seen as inequitable? 
A satisfactory answer to this question requires us to move beyond the fields of social epidemiology and 
sociology. Debates about equity and justice are old and complex, particularly in the disciplines of 
philosophy and ethics. Although there will probably never be a single consensual conclusion, these 
debates yield very important insights that should not be dismissed by health researchers. 
1.2.2 NORMATIVE EVALUATION OF HEALTH INEQUALITIES 
 
“Putting right these inequities is a matter of social justice. Reducing health inequities is an 
ethical imperative. Social injustice is killing people on a grand scale.” 
Commission on Social Determinants of Health, 2008 (51) 
 
The above citation is taken from one of the most important documents published in the field of social 
epidemiology over the last decade. The Commission on Social Determinants of Health was established 
by the WHO in March 2005 to support countries and global health partners in addressing the social 
factors leading to ill health and health inequities (39). The Commission aimed to draw the attention of 
governments and societies to the social determinants of health and to the need for better social 
conditions for health, particularly among the most vulnerable people. The commission delivered its 
report to the WHO in July 2008 (51) and subsequently ended its functions (72). Even though there is no 
denying of the political and scientific relevance of this report, it has been criticized by its strong wording 
choice. Yet, any given normative judgment about the unfairness of health inequalities may be defensible 
as long as it is firmly based both on one’s view of the genesis of health inequalities and one’s theory of 
justice (52).  
Margaret Whitehead has made a fundamental contribution to the discussion of justice on health 
inequalities. Her paper from 1992 (50) explores the meaning of equity in health. Here, the term “health 
inequity” refers to situations where the cause of inequality is deemed to be unnecessary, avoidable, 
unjust and unfair in the context of what is going on in the rest of society. Although remarking that the 
answer to the question of which health differences are unnecessary and unfair depends of time and 
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context, it is posited that the critical evaluation of their determinants should be enlightening. Thus, a 
discussion of seven main determinants of health differences was proposed: 
1) Natural, biological variation. 
2) Health damaging behavior if freely chosen, such as participation in certain sports and pastimes. 
3) The transient health advantage of one group over another when that group is first to adopt a 
health-promoting behavior (as long as other groups have the means to catch up fairly soon). 
4) Health-damaging behavior where the degree of choice of lifestyles is severely restricted. 
5) Exposure to unhealthy, stressful living and working conditions. 
6) Inadequate access to essential health and other public services. 
7) Natural selection or health-related social mobility, involving the tendency for sick people to 
move down the social scale. 
In Whitehead’s reasoning, health differences determined by factors falling in the categories 1, 2 and 3 
would not normally be deemed as inequities in health. Conversely, those arising from categories 4, 5 and 
6 would be considered by many to be avoidable and the resulting differences to be unjust. Regarding 
health differences determined by factors fitting in category 7, the low-income of sick people seems both 
preventable and unjust, even though the original ill-health in question may have been unavoidable. 
Although the appraisal of the proposed determinants of health differences is supportive of a more 
standardized critical judgment, some aspects still deserved closer scrutiny. Some authors argued that the 
ease of avoidability should not be a criterion for inequity. On the one hand, the concepts injustice and 
unfairness imply avoidability. On the other hand, avoidability is often a matter of effort (53). Also, certain 
inequalities may be hard to tackle because they require fundamental changes in the underlying social and 
economic structures. As such, the ease of avoidability cannot be a measure of the degree of inequity 
(54). The common view of what is unacceptable often changes upon reflection. Also, the decision of 
whether a certain behavior is freely chosen is often ambiguously supported by empirical data (53).  
Braveman has also made an important contribution to this field by proposing a definition of health equity 
to guide measurement and, hence, accountability (54). To this author, equity is defined as an ethical 
concept grounded in the principles of distributive justice that means social justice or fairness can be 
interpreted differently by different people in different settings. For the purpose of operationalization and 
measurement, “equity in health can be defined as the absence of systematic disparities in health (or in major 
social determinants of health) between social groups who have different levels of underlying social advantage”. In 
other words, inequities in health systematically put socially disadvantaged people at further health 
disadvantage.    
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1.2.3 DISTRIBUTIVE JUSTICE 
Throughout history, people were born into, and mostly stayed in, a relatively inflexible SEP. The 
distribution of benefits and burdens was usually seen as static, either God’s will or by nature. The issue 
of distributive justice only became apparent when there was a general comprehension that the 
distribution of economic benefits and burdens could be affected by policies. Today, this topic is 
inescapable. Governments continuously make and adjust laws and policies that tend to modify the 
distribution of economic benefits and burdens in their societies. Examples of these laws or policies could 
be related to taxation, education or health. Consequently, every society has a singular wealth distribution 
at a given point in time and people are becoming increasingly more interested in the measurement of 
that distribution. More significantly, societies constantly face the choice about when to maintain current 
laws or policies and when to modify them. The practical importance of distributive justice theory is to 
warrant guidance for these choices. What goods are to be distributed? Between whom are goods to be 
distributed? What is the proper distribution? The concept of a “correct” distribution depends on the 
fairness of the process or outcome distribution. 
Many authors on distributive justice have posited the principles of their theory by describing ideal 
societies operating under them. An unfortunate byproduct of this approach is perhaps an excessive 
theorization of these concepts. However, distributive justice theory is a practical enterprise. There has 
never been nor probably will be a purely libertarian or Rawlsian society, or any society whose 
distribution conforms to one of the proposed principles. For example, supporters of Rawls' Difference 
Principle argue that we should change our social systems to benefit the lives of those least advantaged in 
society. Others argue for changes to make benefits and burdens in accordance with what people 
deserve. Libertarians argue that if government intervention in the economy is reduced, there will be 
better respect for individual liberties. Different theories may propose similar or divergent answers to a 
particular problem. Yet, to claim that we should or should not make changes to a given economic 
structure is to take a stand on the distributive justice of (or the “morality” of) the current societal 
structure compared to any of the plausible alternatives.  The theories and principles briefly outlined in 
the following section aim to support these normative choices, making the translational shift to the 
particularities of health equality.  
1.2.3.1 BRIEF ACCOUNT ON THEORIES OF JUSTICE 
The level of welfare of people is the primary moral interest among defenders of welfare-based principles. 
They see the concerns of other theories, like material equality, the level of primary goods of the least 
advantaged, resources, desert-claims, or liberty as derived concerns. They are only of interest to the 
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extent that they affect welfare. Historically, utilitarians have preferred the term “utility” to “welfare” 
(55). To Jeremy Bentham, arguably the father of utilitarianism, the experience of pleasure was the only 
thing with intrinsic value (56). All other things had instrumental value only to the extent that they 
contributed to the experience of pleasure or the avoidance of pain. Later, other authors broadened this 
strict view by including the concepts of happiness, fulfillment or even preference-satisfaction, i.e. 
individuals having what they want.  
Although the basic theory of utilitarianism is simple to state and to understand, some criticisms have 
been put forward. The first criticism is that utilitarianism fails to thoroughly account for persons’ 
individuality and was articulated by John Rawls (57). One might consider acceptable that a person 
chooses to suffer at some stage in their life in order that their overall life is better. Also, the plausible 
immorality of making some people suffer to the net benefit of other people is a strong argument against 
utilitarianism. In this sense, stating that not everybody matters equally may summarize this critique. 
John Rawls sees justice as fairness. A fair procedure requires that every individual have access to certain 
“primary goods” such as basic income, liberty, equal opportunities or self-respect. Under these 
conditions, social and economic inequalities are acceptable if the least well off also benefit from them. As 
a consequence, the magnitude of the socioeconomic gap is not important as long as those belonging to 
the most disadvantaged groups have access to primary goods. This was called the “Difference Principle”. 
Another fundamental aspect of the theory of Rawls is the process of entering a social contract behind a 
“veil of ignorance” (57). Rawls argues that individuals will consistently choose to maximize the primary 
goods for the worst off, because each individual will fear being the one who ends up in this position (58).  
Yet, Rawls’s work apparently offers little discussion about health. In fact, he excludes health as a primary 
good because, although its possession is influenced by the basic social structures, it is not directly under 
its control (57). As a consequence, Rawls seems to consider health more as a matter of chance, posing 
his principles of justice under the assumption that everyone is in good health. Norman Daniels has made 
an important addition to this topic by exploring a scenario where Rawls’s reasoning was applied to a real 
world, where health is uniformly distributed. He argued that the principles of justice as fairness and 
primary goods outlined by Rawls capture the key social determinants of health. So, he extended Rawls’s 
perspective by proposing that the concept of primary goods should clearly include those that determine 
health. He then concludes that conforming to these principles would level social gradients in health as 
much as can be reasonably expected (59, 60). 
Robert Nozick, John Rawls’ colleague, proposes a completely different view on distributive justice (61). 
Briefly, he considers that a distribution is just if each entitlement (property right) has the proper history, 
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that is, if goods have been acquired through just acquisition, by working on unowned things, and through 
just transfer (e.g. free gift, sale, or other agreement), but not theft. Here, justice is seen as a function of 
the process and not the outcome. Yet, when we apply Nosick’s thought to the health field, it is difficult 
to accept that property right can be the unique criterion to judge fairness. In his view, one could argue 
that a mortality distribution favoring more socioeconomically advantaged groups originated after an 
earthquake is fair if the means by which more advantaged people acquired better built houses is not 
incorrect. Another example would be differential access to some effective but expensive prevention or 
treatment strategy with the potential to decrease mortality. Any socioeconomic gradient in mortality 
produced by such mechanisms would not be unfair according to Nosick’s theory.  
Egalitarianism is a different trend of thought that favors equality of some sort for all people and it is 
deeply rooted in Christianity and Enlightenment (62). In modern democratic societies, egalitarianism 
favors a greater degree of equality of income and wealth across persons than currently exists. In its strict 
form, it basically states that every person should have the same level of material goods and services. This 
principle is most commonly justified on the grounds that equality in material goods and services is the 
best way to apply the consensual ideal that that all people are morally equal. Yet, even though this 
principle seems allegedly simple, two main critiques have been put forward: the index problem and the 
specification of time frames (55). The index problem arises from the necessity of measuring the goods if 
they are going to be distributed according to a certain rule. We can imagine that an equal distribution of 
a bundle of material goods and services (rather than a level of material goods) could solve the index 
problem. However, the main objection to this solution is that it seems probable that there will be many 
alternative allocations of material goods and services which will make some individuals benefit more 
without making anybody else worse off. The second critique involves time frames. Besides identifying and 
requiring that a specific pattern of distribution be achieved, it is also necessary to specify at which point 
in time that pattern applies. Some authors argue that equality is only necessary at a specific starting point 
and that people should use their wealth in whatever way they choose, even if future outcomes are likely 
to be unequal. These “starting-gate” principles are not usually favored by strict egalitarians since they 
eventually lead to potentially large inequalities. The most frequent form of strict equality principle argues 
that patterns of distribution should be equal in each time-frame (55). 
Meritocratic theories argue that deserts may differ between people on the basis of hard work and talent. 
Those people who make stronger efforts to maximize their health deserve their health. Other views on 
meritocracy emphasize that the basis for deserts should be equal for all, meaning that there should be 
equality of opportunity (63). Arguably, this view can be seen to fulfill the middleground between “left” 
and “right” and between process or outcome theories of justice. 
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1.2.3.2 EQUALITY OF WHAT? 
The groundbreaking contribution to development economics and social indicators of Amartya Sen is the 
concept of “capability” developed in his article “Equality of What?” (64). Here, every ethical theory of 
social arrangements tends to demand equality in some aspect, such as in liberties, rights, opportunities, 
or income. Sen maintains that the “space” in which equality occurs is central, as human diversity means 
that equality in one space may result in inequality in another. If only liberties are equal, income and 
wealth will not be, whereas if we argue for equality in terms of income, liberties will have to be 
restricted for some. Sen proposes as the ultimate criterion for development in society that we try to 
maximize people’s freedom to live the lives they have reason to value, or in other words, to choose 
their own “life plan”.  He argues that governments should be measured against the concrete capabilities 
of their citizens. For instance, although citizens have a hypothetical right to vote in a democratic state, 
this concept is empty in Sen’s view. For citizens to have a capacity to vote, they first must have 
“functionings”. These “functionings” range from broad issues, such as the availability of education, to 
more specific ones, like access to transportation to the polls. Individuals can truly exercise their personal 
choice when such barriers are removed. When applied to the specific field of health inequalities, Sen’s 
theory has important implications. Even though certain citizens have the capacity of choosing not to 
engage in adverse lifestyles that increase the risk of disease, structural socioeconomic barriers such as 
unfavorable peer pressure may impair their real ability to choose. Under this view, even variations 
between socioeconomic groups in behaviors and attitudes commonly assumed to depend exclusively on 
personal choices may be conceived as health inequities. 
Sen’s view on capabilities has changed international debates about social justice and economic policy. The 
goal of national and global policies is now more focused on the concept of human development rather 
than economic development, arguably as a result of Sen´s work. Expressions like capabilities or 
substantive freedoms are assumed by international agencies, like the United Nations. These agencies are 
increasingly defending that societies should be judged not just by how rich they are, but by how much 
they enhance and equalize people’s capabilities.  
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1.3 EXPOSURES: INDICATORS OF SOCIOECONOMIC POSITION 
The study of health inequalities is dependent on the ability to discern different types of social 
stratification. “Socioeconomic position” is a commonly used concept in health research. Alternative 
expressions such as “social class” or “socioeconomic status” are sometimes used interchangeably 
although they are based on different theoretical constructs (65). Krieger et al have thoroughly discussed 
the theoretical background behind each expression and provided guidance for the measurement of social 
class or other aspects of SEP (66). Throughout this thesis, we will use SEP as a generic term that relates 
to the social and economic factors that influence the position individuals or groups hold within the 
structure of society (67, 68). 
Different socioeconomic indicators may define population groups with differential exposures and provide 
clues to general or even specific mechanisms that link SEP to health (69). Each SEP indicator will highlight 
a specific form of social stratification that may or may not be associated with a particular health outcome 
at a given stage of life. Still, different SEP indicators may be highly correlated with each other precisely 
because they all measure aspects of social stratification. In the following sections, we will briefly explore 
the theoretical foundations of some of the most commonly used SEP indicators in epidemiologic 
literature with a special focus on the SEP indicators used in the papers that compose this thesis. 
1.3.1 SOCIAL CLASS, OCCUPATION AND EMPLOYMENT 
The meaning of social class is complex. It refers to social groups that arise from interdependent and legal 
relationships based on people’s structural location within the society. From a sociologic perspective, the 
concept of social class critically demands a robust theoretical structure. 
Erik Olin Wright is an American sociologist who has developed theoretically and methodologically 
robust measures of social class (70). Wright’s measurement of social class is based on the idea that 
contemporary social classes are based on the intersection of three forms of exploitation involving the 
ownership of capital assets, the control of organization assets, and the possession of skill or credential 
assets. Accordingly, the set of questions he proposes include: a) capital assets regarding employment 
(employer, self-employed, or employee) and number of employees, if an employer; b) organization 
assets, translated in the position within a managerial hierarchy and participation in decision-making; and 
c) skill and credential assets, with regard to employment in occupations that require scarce or 
credentialed skills. Ultimately, Wright’s typology distinguishes between twelve locations in which cells 1 
and 2 represent the capitalist class, cells 3 and 4 the petty bourgeoisie or self-employed, cells 5 to 10 
include contradictory class locations and cells 11 and 12 the working class (Table 1). Importantly, Wright 
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defends that some individuals can occupy “contradictory class locations within class relations”, by 
belonging simultaneously to the capitalist and the working class.   
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Table 1: Occupational groups defined with the Erik Olin Wright Scheme 
 
Differences in health outcomes between these locations should be considered within the relations of 
exploitation between classes and the friction between contradictory locations.  
Another approach to social class that is widely used was developed by Robert Erikson and John H. 
Goldthorpe and is commonly known as the “Erikson-Goldthorpe Schema” (71). This classification uses 
occupations and their specific employment relations to place individuals in a given social location. These 
employment relations range from jobs with high levels of trust and independence to occupations based 
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on labor contracts with little job control (5). One distinction between this and other classifications of 
social class is that the Erikson-Goldthorpe Schema does not have a hierarchical structure. It 
differentiates individuals in eleven distinct groups, as presented in Table 2. 
 
I Higher-grade professionals, administrators and officials; managers in large industrial 
establishments; large proprietors 
II Lower-grade professionals, administrators and officials; higher-grade technicians; managers 
in small industrial establishments; supervisors of non-manual employees 
IIIa Routine non-manual: higher 
IIIb Routine non-manual: lower 
IVa Small proprietors with employees 
IVb Self-employed without employees 
IVc Farmers/smallholders 
V Foremen and technicians 
VI Skilled manual 
VIIa Semi- and unskilled manual 
VIIb Agricultural workers 
Table 2: Occupational groups defined with the Erikson-Goldthorpe Schema 
 
The transparent theoretical background of the Erikson-Goldthorpe Schema allows for a relatively 
straightforward interpretation of its association with health outcomes. Under this view, the observed 
heterogeneity in health across social groups can be attributed to differences in working relations and 
work autonomy, different contract and reward systems, and job promotion expectations (5). 
Throughout Europe but particularly in the United Kingdom, a different kind of socioeconomic measure 
has been frequently used in public health surveillance and research. Although this typology has also been 
interpreted as “social class”, it more exactly represents “occupational class”. The British Registrar 
General’s social class schema is the best known and longest employed of these occupational class 
measures. This classification was developed in 1913 by Stevenson, a medical statistician who worked at 
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the Registrar General. Stevenson inferred social position from occupation as an indicator of culture (72). 
Differences between social groups are based on a hierarchy of occupations ranked according to skill. At 
different times, it has been officially described as a measure of “general standing in the community” or 
“occupational skill”. As presented in Table 3, this classification consists of six categories. 
 
I Professional Non-manual 
II Intermediate  
III-N Skilled non-manual  
III-M Skilled manual Manual 
IV Partly skilled  
V Unskilled  
VI Armed forces  
Table 3: Occupational groups defined with the Registrar General Social Classes 
 
This schema has powerfully identified morbidity and mortality gradients across social groups and has 
been widely used in the milestone Whitehall studies (73). Yet, as suggested by Mel Bartley (65), one 
needs to be aware that its use may create intellectual pitfalls for the attempt to understand health 
inequality, as opposed to merely describe it. This caution is warranted due to the lack of solid sociologic 
theoretical background of this classification. 
It is important to note that some commonly used occupational classifications probably do not account 
for the contemporary occupational structure. Over the last decades, we concurrently observed a 
decrease in manual occupations and an increase in low-level service occupations. Among other 
important changes, this shift has changed the societal stratification one can imply from occupation as a 
SEP indicator. For instance, the common dichotomy between manual and non-manual occupation may 
lose some of its previous meaning in societies where a large number of low-paid non-manual service jobs 
exist. One byproduct of these changes is an increased susceptibility of occupation-based SEP measures in 
terms of cohort effects. Individuals born in 1940 or in 1970 whose main occupation was a non-manual 
service job will probably not share the same social location throughout their lives. These cohort effects 
should be considered in order to correctly interpret associations between occupational SEP measures 
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and health outcomes. Another important change that occurred over the last decades in industrialized 
countries relates to the increasingly large number of women entering the labor force. This results in the 
possibility that some occupational classifications are not well adapted to reality since they may still be 
based on anachronic men’s job distribution. Analyses based on occupation SEP measures also often 
exclude the unemployed, arguably resulting in the underestimation of socioeconomic gradients. Retired 
individuals, students, people working at home, and people working in unpaid or illegal jobs are also 
commonly excluded from analyses, the consequences of which must be considered by carefully 
examining the context where they occur. 
1.3.2 EDUCATION 
Education is perhaps the most commonly used generic indicator of SEP in the epidemiologic literature. 
The facts that its measurement is not complex and that it usually yields acceptable response rates in 
questionnaires contribute to its wide use. Education may be measured either as a continuous or as a 
categorical variable. When using education as a continuous variable one assumes a similar contribution 
to the outcome by each additional year of education. This approach ignores important markers that arise 
with the completion of some academic degrees. When considering education as a categorical variable, 
the researcher should identify the most relevant cut-off values considering the sample in study. 
Depending on the context, the number of years of completed education that constitute an important 
milestone may vary. The completion of a specific educational degree is important in terms of its meaning 
as a socioeconomic marker (74). Also, it is important to note that education is susceptible to important 
cohort effects since the meaning of a certain number of completed years of education changes with time. 
Another interesting characteristic of education as a SEP indicator is that it tends to remain stable in the 
adult age and unlikely to be influenced by health problems (75). However, when we consider education 
within the lifecourse framework, reverse causation arises as a possible contributor to its associations 
with health outcomes, since ill health in childhood may limit an individual’s education attainment 
potential. This problem is commonly known as “health selection” (76). 
As a SEP indicator, education is believed to capture the individual assets related with knowledge. More 
educated individuals are arguably more sensitive to cognitive interventions aiming to change health-
damaging habits and more capable to engage in activities with delayed gratification (77). Future job 
opportunities and income potential are also influenced by education (78). Individuals with lower 
educational attainment tend to be engaged in more routine occupations with lower wages. In fact, 
occupation might partially explain the association between education and health outcomes. 
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1.3.3 GENDER 
The distinction between the concepts of “sex” and ”gender” is not always clear. According to the WHO 
(79), "sex" refers to the biological and physiological characteristics that define men and women, whereas 
"gender" refers to the socially constructed roles, behaviours, activities, and attributes that a given society 
considers appropriate for men and women. Stated in a different fashion, whereas "male" and "female" are 
sex categories, "masculine" and "feminine" are gender categories. 
It is often assumed as an established fact that women are generally healthier than men. Nevertheless, 
events like war, epidemics or extreme poverty have been shown to decrease or even reverse the 
advantage in life expectancy of women, particularly in developing countries (80, 81). For instance, in 
Zimbabwe, whereas life expectancy in 1990 was 64 years for women and 60 years for men, in 1996 the 
corresponding figures were 43 for women and 44 for men. The Human Immunodeficiency Virus 
epidemic seems to largely explain these trends, both by its direct impact on mortality, but also through a 
decrease in women’s fertility (82). In Portugal, at least since 1960, women consistently maintained their 
advantage in life expectancy at birth (83). So, the apparently contradictory gender differences in 
morbidity and mortality are not universal and change across societies (84). 
A large part of women’s higher morbidity and lower mortality can be explained by gender differences in 
disease prevalence (85). In most high-income countries, men tend to develop diseases like cancer or 
CVD which are associated with high mortality earlier than women. Men are also more commonly 
exposed to high-risk occupational hazards and have higher rates of intentional and non-intentional 
injuries. In contrast, women have higher rates of debilitating conditions such as autoimmune diseases, 
arthritis, migraine, anemia or thyroid disease. Although women experience more physical illness, sick 
days and hospitalizations than men, the literature is not conclusive as to whether women report worse 
self-rated health than men (86, 87). 
Gender differences in morbidity and mortality may be explained by both biological and social factors. 
Biological and social sciences have contributed to answer this question. Yet, there is still a tendency to 
address these two possible sets of causes separately and an integrated view on this topic has only 
recently emerged (84). Differences between women’s and men’s physiology have been at the core of 
biological explanations. Before menopause, women seem to be physiologically protected from CVD 
when compared to men. In order to accommodate pregnancies, the female circulatory system is more 
flexible, allowing higher blood volumes, which seems to protect women from the negative impact of high 
blood pressure (84). Physiological factors may also explain why women have a mortality advantage at the 
beginning of life. In most human populations, the male to female birth rate ratio is 105/100 each year, 
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although this figure seems to be lower and decreasing in some European countries (88) and in Japan (89). 
This difference seems to be related to males having higher rates of congenital abnormalities and of 
immune disorders related to the X-chromosome (90). Different biological responses to stressful events 
have also been suggested to explain sex differences in morbidity and mortality patterns. The most 
traditional arguments posit that men’s lower life expectancy can be attributed to higher level strain from 
social expectations of being a provider and to differences in coping strategies (84). However, the 
contemporary view on these topics seems to demonstrate that women and men share a variety of 
stressors but have different biological resources to cope with them. In a review of literature (91), Ordaz 
et al conclude that females start to show greater negative affective responses to stress than males during 
adolescence. This heterogeneity results from the concurrent emergence of underlying differences in 
physiological response systems. These systems include the corticolimbic circuitries, the hypothalamic-
pituitary-adrenal axis and the autonomic nervous system. Sex differences emerging during adolescence 
persist into adulthood for all three physiological response systems, although the direction of these 
differences varies by system. Regarding corticolimbic reactivity, the literature suggests a greater female 
reactivity, particularly in limbic regions highly innervated by gonadal hormone receptors. On the other 
hand, males generally show higher levels of hypothalamic-pituitary-adrenal axis and the autonomic 
nervous system reactivity (84).  
Social structure also influences gender differences in morbidity and mortality patterns. In industrialized 
nations, men have manual jobs, join the army or engage in other high-risk activities more commonly than 
women. Women have been more likely to work in service occupations or to hold desk jobs. Although 
this occupational structure benefits men by giving them access to higher-paid jobs, it also increases the 
risk of injury and accidents.  
Gender roles according to normative expectations probably contribute more than anything else to the 
understanding of gender inequalities in health. For example, the fact that men have higher rates of violent 
and accidental deaths, and more drinking and tobacco-related diseases can be contextualized as a 
consequence of masculine behavioral stereotypical practices. Gender norms can also shape health-
related information and recommendations. For instance, Dworkin and Wach (92) show how fitness 
recommendations in health are produced to encourage the development of an idealized conception of 
male and female bodies, instead of focusing on health itself. Because they limit women’s options, 
patriarchal societies have sometimes affected women’s health because they affect education, income and 
life chances in ways that adversely influence health (93). However, patriarchal gender norms have also 
protected women from hazardous behaviors like drinking or smoking (94). Yet, as these patterns 
evolved and smoking rates increased among women, lung cancer also became more frequent (95). In 
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Portugal, over the last two decades, lung cancer mortality rates stabilized among men, whereas they 
increased continuously among women. These trends likely reflect the delayed increase of smoking rates 
among women (96).   
1.3.4 MIGRATION 
Migration is a worldwide phenomenon of increasing importance. In 2010, it was estimated that there 
were 214 million international migrants worldwide, which corresponds to approximately 3% of the total 
world population (97). Migrants are heterogeneous population groups in terms of ethnic characteristics, 
historical background, religion, culture, values, migration history, and health practices. They tend to be a 
socially disadvantaged group with lower educational levels, lower employment rates, lower income, 
lower wealth, and residence in more deprived neighborhoods than the native-born (98, 99). 
As a population group, migrants provide interesting research opportunities for epidemiologists. Studies 
of the effect of migration on health outcomes usually compare health patterns between migrant groups 
and the host population. Less frequently, they compare migrants with their non-migrant counterparts. 
The differences found between migrants and non-migrants are useful to separate the influences of 
genetic makeup and environmental factors in health.  
Both the country of origin and of destination may influence mortality and morbidity patterns. 
Furthermore, the process of migration itself may also affect health in several ways. Upon migration, 
mortality or morbidity rates for migrant populations may remain stable, worsen or improve in 
comparison with the rates in the source population. When the comparison is made with the host 
population, rates may worsen or improve while likely converging to the host’s rates over time. 
When morbidity and mortality rates remain relatively unchanged, this may be either due to genetic 
factors or due to the persistence of lifestyles like diet, smoking or alcohol intake from the population of 
origin. Migrants may also benefit from a given “protective effect” which persists after migration for 
certain amount of time. Conversely, a convergence to the rates of the host population may be explained 
by the migrants’ adoption of characteristics of the host population. The amount of time that passed since 
migration should also be considered when interpreting these patterns. Finally, comparisons may be 
biased by the fact that migrants are, by definition, self-selected population groups. A common example is 
the “healthy migrant effect”, where immigrants seem to enjoy a better health than the native-born at 
their time of arrival to the host country (97). 
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1.3.5 AREA-LEVEL INDICATORS OF SOCIOECONOMIC POSITION 
The previous sections have focused on the SEP of individuals. Yet, when one assumes that individuals live 
in organized societies and that these societies affect individuals through multiple layers of influence, the 
importance of measuring upstream exposures of potential importance becomes apparent. Although many 
different kinds of upstream exposures can be thought of, in the context of this thesis we will focus on 
measurement issues associated with the characterization of neighborhoods in terms of their 
socioeconomic characteristics. 
In social epidemiology, area-level SEP indicators are mainly used for two different purposes. In the first 
case, they are used to estimate the effect of neighborhood socioeconomic deprivation or neighborhood 
characteristics on health, apart from individual characteristics. In the second case, they are used to 
characterize individuals themselves, when information at the individual level is unavailable. This 
distinction is important since in the first case, one assumes a multilevel organization and the researcher’s 
focus is on the estimation of area-level contextual effects, whereas in the second case, the analysis is 
restricted to one single level of analysis. 
Area-level indicators may be composed by two different types of variables that describe group 
characteristics: derived variables and integral variables. Derived variables are aggregates of single 
individual-level SEP indicators such as the proportion of subjects with higher education, unemployment 
rate or mean expenditure on owner-occupied housing. Derived group-level variables may have an 
analogue individual level counterpart, although measuring different constructs. For example, while mean 
group-level income may be a marker of neighborhood characteristics potentially related to health (e.g. 
school quality, environmental conditions or availability of certain types of foods), individual income is a 
classic SEP indicator at the individual-level. Integral variables are another type of group-level variables 
that describe group characteristics based on quantities that are independent of its members. Examples of 
such variables include local policies, healthcare availability or political systems. 
Composite indicators using more than one individual-level indicator are also widely used and an 
exhaustive list of these can be found elsewhere (77, 100). Composite indicators have been used to 
allocate public resources to different territories, particularly in the United Kingdom. One widely used 
example is the Townsend Deprivation Index, which aims to measure deprivation using four variables 
from the British Census: unemployment rate, overcrowding rate, car ownership rate, proportion of 
owner-occupied households. For each area, this index consists of the sum of the standardized z-scores 
for each variable. Another example is the Carstairs Deprivation Index. As described by Carstairs and 
Morris in 1991, this index is described as a measure of access to “those goods and resources and 
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amenities and of a physical environment which are customary in society”. It also consists of an 
unweighted combination of male unemployment rate, overcrowding rate, car ownership rate and low 
social class, taken at a small census area (101).  
Area-level SEP indicators vary in their complexity (100). Even though composite indicators like 
Townsend or Carstairs Deprivation Indexes have been frequently used, many authors disagree on which 
derived or integral variables should be included to summarize a given socioeconomic construct and 
which statistical methods should be chosen to compute area-level SEP indicators. While research results 
have shown effects of neighborhood deprivation on adverse cardiovascular outcomes (12), these findings 
are difficult to interpret and compare because of the diversity of indicators used to estimate 
neighborhood deprivation. Multiple domains are commonly represented in the literature: 
poverty/income, racial/ethnic composition, education, employment, and occupation appear consistently, 
while housing/crowding and residential stability are less frequently explored. A lack of consistency 
between studies also prevails in the choice of domain-specific variables. For instance, poverty is the most 
commonly used socioeconomic construct in research. Yet, its definition varies from study to study and 
according to the availability of information collected in the different national censuses. The majority of 
studies include more than one domain to approximate neighborhood-level socioeconomic status. Since 
different studies use different variables and varied statistical methods to estimate neighborhood 
deprivation, the accumulated evidence is difficult to assess and compare systematically (102).  
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1.4 OUTCOMES: CORONARY HEART DISEASE AND CARDIOVASCULAR RISK 
FACTORS 
1.4.1 ATHEROSCLEROSIS AND THE NATURAL HISTORY OF CORONARY HEART 
DISEASE 
Atherosclerosis is a chronic inflammatory process of the inner layer of medium and large arteries that 
develops over time in response to the biologic effects of several causes (103, 104). It mostly affects the 
heart, aorta, brain and lower extremities. Changes in endothelial permeability and in the sub-endothelial 
extracellular matrix composition promote the accumulation of LDL cholesterol particles in the artery 
wall and function as the trigger for the development of the atherosclerotic plaque (105). If the plaque’s 
cap fractures, blood coagulation components may contact with the tissue factors inside the plaque, which 
may result in arterial occlusion. The consequent medical signs and symptoms are dependent on the 
severity of the occlusion and on the type of tissue being affected by blood flow impairment (106).   
Although the atherosclerotic process begins with a change in the integrity of the endothelial wall, 
different stimuli can be viewed as initiators. Examples of initiator factors that may change endothelial 
permeability include oxidative, hemodynamic, biochemical stimuli (including smoking, hypertension, or 
dyslipidemia) and inflammatory factors. The causal role of LDL cholesterol particles on the pathogenesis 
of atherosclerotic lesions has been thoroughly studied and evidence is available from ecological, animal, 
epidemiological and experimental studies (103, 104, 107). Because it increases arterial wall tension 
leading to hemostatic disturbances, hypertension is a major risk factor for atherosclerosis. Smoking and 
diabetes mellitus also affect vascular biology, even though the biological pathways through which damage 
is inflicted are less well understood.  
Coronary heart disease (CHD) or ischemic heart disease comprises different pathologies that vary 
greatly in clinical manifestations and in public health significance (108, 109). The progressive disease of 
the walls of arteries that supply the myocardium is the common pathway at the root of the different 
CHD conditions. Myocardiocytes are a specialized type of muscles cells that make up the cardiac muscle. 
These cells are dependent on a continuous supply of oxygen and nutrients. The coronary arteries are the 
major blood vessels responsible for this blood supply (110). After the subclinical progression of the 
atherosclerotic process over time, if blood flow is interrupted and not restored within minutes, acute 
events like unstable angina, myocardial infarction or sudden death may occur (111).  
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1.4.2 BURDEN OF CORONARY HEART DISEASE 
The characterization of a disease in relation to person, place and time is essential to its epidemiologic 
understanding. By identifying patterns in its distribution, epidemiologic reasoning may suggest clues to 
causation and possibilities for prevention.  
The assessment of the global burden of a particular disease frequently makes use of mortality data which 
is often the most readily available health indicator. Yet, mortality has some important limitations and 
provides an incomplete picture of the overall burden caused by a disease. In the Global Burden of 
Disease Study, the authors complemented mortality data with estimates for the burden associated with 
disability and premature death (108, 112). In their first estimates based on data from 1990, it was 
reported that the trends in the CVD epidemics vastly differed between different regions of the world. 
Even though important gains in cardiovascular health had been observed over the last decade of the 
twentieth century in industrialized nations, there had been a large increase in the cardiovascular 
epidemic in other less developed regions. In terms of mortality, CHD was the first cause of death 
worldwide in 1990 and projections to 2020 predicted it would maintain this position. The second burden 
of disease indicator to be analyzed was years of life lost (YLL), which is estimated taking into account 
predicted age of death relative to an assumed life expectancy of 82.5 years. Although CHD had the 
fourth place in this ranking in 1990, it was predicted that it would occupy the first place in 2020. Another 
studied indicator was disability-adjusted life years (DALYs), which combines the years of life lost with the 
years lived with disability. As for YLL, CHD was predicted to be the first cause of DALYs in 2020, even 
though it was also fourth in this ranking in 1990. The Global Burden of Disease study for 1990 was a 
groundbreaking effort and its projections have been widely used and, for several years, continued to 
provide information on likely future trends in global health used in reports like the Atlas of Heart 
Disease and Stroke by the WHO (113). Yet, due to the necessity of updating projections using more 
recent and complete data, an updated and expanded version of the Global Burden of Disease Study was 
published in 2010 (114). The new version of this study was a massive collaborative effort involving more 
than 500 researchers from 50 different countries and culminated in the publication of seven different 
papers (109, 115-120). Their findings regarding CHD generally confirmed most of the earlier predictions. 
This condition remained the first cause of death worldwide in 2010. Regarding YLL and DALYs, CHD 
already occupied the first place in the 2010 ranking, supporting the predictions to 2020 made in the first 
report. A comparison between the rankings for the main causes of death, YLL and DALYs from 1990 to 
2010 is summarized in figure 2 (121).  
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Figure 2: Ranks and changes for causes or risk factors based on deaths, YLLs and DALYs for 1990 and 2010. Source: 
http://www.healthmetricsandevaluation.org/gbd/visualizations/gbd-arrow-diagram 
Coronary heart disease is a common condition. Using data from the Framingham Heart Study, Lloyd-
Jones et al, estimated that the lifetime risk of incident CHD at the age of 40 is as high as 31.7% for 
women and 48.6% for men (122). Coronary heart disease is a major contributor to the overall burden of 
disease, be it through cardiovascular deaths, reduced life expectancy or disability. 
In Europe, CHD is also the first cause of mortality, accounting for 1.8 million deaths each year. Similarly, 
it is also a major cause of morbidity and loss of quality of life. Death rates from CHD are generally higher 
in Central and Eastern Europe than in Northern, Southern and Western Europe (123). Even though 
differences among countries exist, CHD mortality rates decreased in most European countries over the 
last three decades, as depicted in the Figure 3 (124).  
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Figure 3: Trends in age-standardized (world population) death certification rates from CHD in men (a) and women (b), in all 
age groups from the Russian Federation, the USA, European Union (EU 10, entering the EU after 2004, excluding Cyprus and 
Malta), European Union (EU 15, the EU member states before 2004) and Japan, 1980–2004. Adapted from: Levi et al (124) 
Advances in methods for prevention and treatment for CHD may partly explain the decrease in 
mortality rates. Over last thirty years, we observed a delay in the age of onset of clinical manifestations. 
Concurrently, we observed an improvement in disease outcomes after acute events and an extension of 
life expectancy. The absolute number of patients surviving a cardiovascular event and requiring 
subsequent medical or interventional therapy is increasing. As such, the burden of CVD has shifted from 
middle-aged persons to the elderly, but remains high. 
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1.4.3 MAJOR RISK FACTORS FOR CORONARY HEART DISEASE 
The long asymptomatic period that characterizes the natural history of CHD provides opportunities for 
early preventive interventions that modify its course. Over the last decades, a huge amount of evidence 
was gathered not only on the occurrence of CHD but also on the identification of its underlying causes. 
Some of the most important strategies of prevention derived from the concept of “risk factor” 
introduced in 1961 by researchers of the Framingham Heart Study (125). Over the years, numerous 
factors have been linked to the development of atherosclerosis (113) and the Framingham Heart Study 
identified many of the most important ones (126). In general, the increased risk of developing CVD 
results from the accumulation of early life risk factors, biological risk factors and socioeconomic risk 
factors. 
Early life risk factors have been linked to an increased risk of CVD in many studies. For instance, children 
born to low SEP families are more likely to have low birth weight, to have inadequate diets, and to have 
fewer educational chances (25, 127). Low birth weight itself has been associated with an increased risk of 
adult CHD (128). People whose parents were working in less differentiated or manual occupations 
during their childhood had a higher risk of overall CVD (129, 130) and CHD (131, 132), after adjustment 
for their adult SEP. Housing conditions and living in an overcrowded household during childhood were 
also associated to adult cardiovascular outcomes (133-135).  
Biological risk factors are individuals’ unhealthy conditions that have a clear known biological pathway 
with CVD or are directly associated with increased risk of CVD (113). One important feature of 
biological risk factors is their tendency to cluster, even at earlier stages of life (136, 137). Biological risk 
factors that cannot be changed are commonly designated non-modifiable risk factors. Examples of these 
are age, gender, heredity and ethnicity. Yet, some of the major biological risk factors can be prevented, 
treated, and controlled. These are generally known as modifiable cardiovascular risk factors. Examples of 
these include high blood pressure, high blood cholesterol, overweight and obesity, diabetes mellitus and 
psychological well-being (113). Beyond these classic risk factors, some “novel” risk factors have been 
identified, such as lipoprotein(a) or Lp(a) (138), C-reactive protein (139), fibrinogen (140) and 
homocysteine (141). Biological risk factors also include unhealthy personal lifestyle and unhealthy 
behaviors that result in increased risk of CVD. For instance, smoking harms the endothelium of blood 
vessels, increases cholesterol plaques and clotting, raises low-density lipoprotein cholesterol levels and 
lowers HDL cholesterol (113). Those who smoke are at a significant higher risk of CVD in a dose-
response manner (142, 143). Physical activity can increase protective HDL cholesterol, avoid or reduce 
the occurrence of obesity, diabetes and high blood pressure, and is also an independent preventive factor 
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for CVD (113, 144, 145). A high consumption of saturated fats, salt and carbohydrates as well as an 
inadequate intake of fruits or vegetables are examples of unhealthy dietary habits which contribute to the 
development of CVD (146-148). Alcohol consumption seems to have dual effects on CVD. While 
moderate alcohol intake may have a positive effect (149), heavy drinking may lead to dyslipidemia, high 
blood pressure, heart failure and stroke (113). 
Due to its multifactorial etiology, the study of specific cardiovascular risk factors is complex and needs to 
consider the vast network of connections between characteristics of individuals, their lifestyles, 
metabolic processes and extrinsic social and environmental conditions. This complexity has made it 
difficult to clearly identify the major risk factors for CHD and researchers have diverged on the criteria 
used for this selection. In 2004, after reviewing the literature, Stamler et al suggested six major risk 
factors: serum total cholesterol, blood pressure, cigarette smoking, body mass index, diabetes and 
adverse diet. This selection was based on each risk factor role in the etiology of the disease, impact on 
risk and potential for prevention or modification (150). The investigators of the INTERHEART study, a 
massive multicentric case-control study which included 15,152 cases of acute myocardial infarction and 
14,820 controls from 52 countries, identified nine risk factors which together explained more than 90% 
of myocardial infarction incidence. These risk factors were: smoking, dyslipidemia, hypertension, 
diabetes, obesity, unhealthy diet, physical activity, alcohol consumption, and psychosocial factors (151). 
Regardless of the criteria chosen, some risk factors are consistently present in all lists of major risk 
factors for CHD. 
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1.5 INEQUALITIES IN CARDIOVASCULAR HEALTH: A REVIEW OF THE LITERATURE 
1.5.1 EVIDENCE FROM INDIVIDUAL LEVEL STUDIES 
The inverse associations between SEP and CVD incidence (6), morbidity (152), access to healthcare 
(153), survival (154)  and mortality (155) have been consistently described. There also is abundant 
evidence about the relationship between SEP and cardiovascular risk factors, such as high blood pressure 
(156), smoking (157), obesity (158) and physical inactivity (159). Reviews of the literature on life course 
SEP and CVD indicate that both childhood and adulthood socioeconomic circumstances impact on 
cardiovascular risk factors and cardiovascular risk. According to Galobardes et al (160), a robust inverse 
relation between childhood circumstances and cardiovascular risk exists, even though results varied 
across specific outcomes, socioeconomic indicators and sex. Childhood socioeconomic conditions 
remained important predictors of CVD, even in younger cohorts. Pollitt et al (161) reported that low 
SEP throughout the life course modestly impacts CVD risk factors and CVD risk. The reviewed studies 
provided moderate support for the influence of low early-life SEP on elevated cardiovascular risk factors 
and cardiovascular morbidity and mortality and consistent support for the negative impact of the 
accumulation of negative SEP experiences/conditions across the life course on cardiovascular risk.  
The association between SEP and CVD remains measurable when we consider different SEP indicators. 
For example, in the Five-City Project with 2,380 participants, the independent contribution of education, 
income, and occupation on a set of CVD risk factors (smoking, blood pressure, and blood cholesterol) 
was evaluated. Education had the strongest and most consistent association with cardiovascular risk 
factors and was the only measure that was significantly associated with the outcomes when income and 
occupation were included in the model (162). Another example used data from the Prospective 
Epidemiological Study of Myocardial Infarction study, where 10,593 men with ages between 50 and 59 
years were examined in 1991-1994 in Northern Ireland and France. In this study, it was reported that 
men with evidence of CHD at the baseline evaluation were more likely to be less educated and 
unemployed, and to live in poorer material circumstances than their healthy counterparts. Among men 
initially without evidence of CHD, SEP indicators (unemployment and educational level) were associated 
with various cardiovascular risk factors, including smoking, blood pressure, body mass index, and serum 
fibrinogen (163). Using data from the Atherosclerosis Risk in Communities Study (ARIC) (164), Franks et 
al (165) assessed the hypothesis that the association of SEP with CHD adjusted for baseline measures of 
traditional CHD risk factors is explained by changes in those risk factors over time. The authors 
concluded that accounting for changes in key traditional CHD risk factors and anti-hypertensive 
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medication explained little of the inverse association between SEP and CHD risk. Furthermore, ignoring 
SEP in CHD risk assessment would under-estimate the risk in lower SEP persons. 
Occupation and social class, defined by occupational category, are also commonly related to CVD. For 
example, the risk of CHD in British men from the British Regional Heart Study was found to be socially 
stratified. The British Regional Heart Study is a prospective study of 7,735 men from 24 towns enrolled 
in 1978–1980 and that have been followed up for all-cause mortality. Manual-work socioeconomic status 
groups had higher ischemic heart disease prevalence and risk than non-manual work groups, even after 
adjustment for adult coronary risk factors (166).  
The Whitehall I study, which began in 1967 and ended in 1988, specifically aimed to investigate social 
determinants of cardiorespiratory disease (167). The sample of this prospective cohort study was 
composed by 17,530 male British civil servants aged 40-64. The initial screening evaluation included a 
standardized cardiovascular health questionnaire and questions on smoking, respiratory symptoms, 
medical treatment and physical/leisure activity. Blood pressure, plasma cholesterol, blood glucose, 
skinfold thickness, height and weight were recorded. An electrocardiogram was also registered. A copy 
of the death certificate of those of died during the follow-up was obtained for almost all participants after 
linkage to the Central Registry of the National Health Service. Men were classified based on the level of 
occupation, according to the Registrar General (72). Rose and Marmot reported that the age-adjusted 
prevalence of angina pectoris was 53 per cent higher for men in the lowest occupational position, 
compared with those in the top (administrative) grade. A 77 percent difference between these groups 
favoring those with higher occupational position was also found regarding electrocardiogram 
abnormalities related to ischemic disease. Finally, the 10-year coronary mortality rate was 3.6 times 
higher for men with the least differentiated occupations, compared to those with administrative 
occupations (168).  
The Whitehall II study followed and extended the previous work and started in 1985. It aimed to 
determine the extent to which psychosocial factors at work and outside account for social class 
differences in mortality and morbidity (169). The sample comprised 10,308 civil servants (3,413 women 
and 6,895 men) aged 35–55 years working in the London offices of 20 Whitehall departments in 1985–
88. The participants, who were from clerical and office support grades, middle-ranking executive grades, 
and senior administrative grades, differed widely in salary. Baseline and follow-up evaluations collected 
data not only on individual SEP indicators like education, occupation or income but also included area-
level indicators of deprivation. Psychosocial/work exposures were assessed by effort-reward, demand-
control, social support and social networks scales. Health behaviors like smoking, diet, alcohol 
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consumption and physical activity were measured. Blood pressure reactivity, heart rate variability, 
hypothalamic-pituitary-adrenal axis measurements and salivary cortisol diurnal rhythm were measured in 
order to explore the neuroendocrine system. Electrocardiograms were also registered. Blood 
measurements on lipid, carbohydrate and hemostatic metabolism were performed. Details on CVD 
symptoms, investigations and treatments were also included. The main outcomes considered were 
sickness absence, myocardial infarction and cardiac surgery, clinical depression and CVD/CHD mortality. 
In the Whitehall II study, it was found that, both among men and women, low work control was 
associated with a significantly higher risk of heart disease as compared to having authority to influence 
job conditions. Yet, other risk factors like low social support, hostility, sedentary lifestyle, and smoking 
could not explain the gradient to the same extent as work control (170). 
In the Scottish Heart Health Study, housing tenure was found to be the stronger discriminating measure 
of socioeconomic status for the prediction of risk of CHD. Woodward et al have explored four SEP 
indicators: level of education, years of education, housing tenure, and occupational status. In the bivariate 
analyses, all indicators were significantly associated with CHD, although the magnitude of this association 
was larger for housing tenure. In the multivariate analyses, the significant effect of education and 
occupation in men and education in women was explained by housing tenure. However, the significant 
effect of housing tenure could not be removed by any of the other three SEP indicators (171). 
Unemployment is also associated with cardiovascular risk factors and cardiovascular morbidity and 
mortality. For example, in a cohort study of middle-aged shipyard workers followed-up for a mean of 6 
years, Mattiasson et al reported that the risk of unemployment increases the serum cholesterol 
concentration in middle aged men (172). In the Swedish MONICA survey, Janlert et al analyzed the links 
between unemployment or unemployment threat and cardiovascular risk factors (173). The authors 
reported that among men, unemployment for more than one year was significantly associated with 
systolic blood pressure, serum cholesterol level, HDL-quotients, cigarette smoking and physical 
inactivity. Among women, unemployment was significantly associated with body mass index, HDL-
quotient, cigarette smoking and physical inactivity. In a recent study Méjean et al, reported a 20% 
increase in the risk of non-fatal and fatal CHD events among 33,106 Dutch adults of the EPIC-NL cohort, 
even after adjustment for dietary factors, physical activity, smoking and alcohol consumption (174). 
1.5.2 EVIDENCE FROM NEIGHBORHOOD LEVEL STUDIES 
Besides individual SEP, neighborhood deprivation has been associated with CVD. Both neighborhood 
socioeconomic and physical characteristics have been used to characterize neighborhood deprivation. 
Even though the assessment of neighborhood socioeconomic characteristics varies greatly between 
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studies and there is no single scale which has been shown to be clearly preferable, the neighborhood 
socioeconomic environment has been consistently associated with cardiovascular health (100). Residents 
of socioeconomically disadvantaged neighborhoods, measured in terms of neighborhood income, 
education and occupational levels, were found to have a higher risk of CVD than residents of 
socioeconomically advantaged neighborhoods. Using data derived from national census, Diez-Roux et al 
constructed a summary score of the neighborhood socioeconomic environment based on a factor 
analysis performed on a set of variables thought to represent the dimensions of wealth and income, 
education, and occupation. These variables were available at the census block level, which was used has 
the proxy for the definition of neighborhoods. The main results of this study showed that subjects living 
on disadvantaged neighborhoods had a higher risk of CHD than those living on advantaged 
neighborhoods. Importantly, this association persisted after controlling for individual income, education, 
and occupation. Leyland used a different methodological approach to evaluate socioeconomic gradients 
in the prevalence of CVD in Scotland. Briefly, Leyland found that the relation between SEP and CVD 
prevalence in Scotland was strongly dominated by area deprivation (175). As their main proxy for 
neighborhood deprivation, this author used the Carstairs index. In a multilevel analysis, Sundquist et al 
(176) investigated whether neighborhood environment influence intermediate cardiovascular risk factors 
like body mass index or lifestyle factors like physical activity or smoking, after adjustment for individual 
SEP. Small area market statistics are the smallest area units in a Swedish system of geographical 
coordinates. These geographical units were used as the proxy for neighborhood and average size of 1000 
to 2000 people. The measure of neighborhood socioeconomic deprivation was the Care Need Index 
which is a composite deprivation score of proportions of single parents, residents who have moved, 
people with low educational status, children under age 5, elderly living alone, foreign born people and 
unemployed people. This index was originally developed for the purpose of measuring the potential 
workload of general practitioners in Swedish primary health care (177). Within every individual SEP 
categories like educational level, for example, the authors observed an increase in the prevalence of daily 
smoking, physical inactivity and obesity with increasing neighborhood deprivation. Sundquist et al also 
shown that high levels of neighborhood deprivation independently predicted CHD (178). Specifically, this 
study analyzed the impact of neighborhood violent crime rates and neighborhood unemployment rates 
on CHD in Stockholm, the capital of Sweden. The entire population of Stockholm County aged 35–64 
years was included and followed-up for one year. Small area neighborhood units were used to define 
neighborhoods. Multilevel logistic models were used to quantify the associations. Increasing 
neighborhood violent crime and neighborhood unemployment were associated with a higher risk of 
CHD in both genders. The average neighborhood effects on CHD (fixed effects) remained stable after 
inclusion of the individual-level variables. The neighborhood-level variance indicated significant differences 
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in CHD between neighborhoods, and both neighborhood-level and individual-level variables partly 
explained the variance between neighborhoods (random effects). More recently, Chaix et al have 
designed the RECORD cohort study, which specifically aimed to describe and quantify geographic 
disparities between socially advantaged and disadvantaged neighborhoods in cardiovascular risk factors, 
related use of health-care services, CVD prevalence and incidence, as well as other health outcomes 
(179). The sample was composed by individuals aged 30 to 79 years able to complete study 
questionnaires and living in Paris or in other municipalities of its metropolitan area. These territories 
were selected to include areas of different socioeconomic backgrounds and peri-urban and urban areas. 
The participants were recruited in 2007-08 and invited to have another health examination in 2011-12. 
This cohort study has been the basis for various interesting publications. For instance, Leal et al observed 
relatively strong associations between neighborhood SEP (particularly neighborhood education) and body 
mass index or waist circumference (180). In another study, Chaix et al reported increased blood 
pressure levels in neighborhoods with low average education, after adjustment for individual SEP. In 
mediation analyses, body mass index and waist circumference statistically explained about half of the 
association between neighborhood education and blood pressure (181). 
The association between neighborhood physical characteristics and CVD has also been previously 
researched (182). In general, the availability, quality, accessibility and cost of local services and resources 
could lead to CVD by influencing health behaviors related to CVD. Examples of these behaviors would 
be physical activity, dietary habits or smoking. The participation in sports, leisure-time physical activity 
and walking may be positively influenced by the existence of recreational facilities, opportunity for 
activity indicated by the presence of sidewalks and bike lanes, street connectivity, the design of public 
spaces, and neighborhood aesthetic quality ascertained by the presence of green spaces or pleasant 
surroundings (183, 184). For instance, Ball et al explored the cross-sectional association between 
environmental aesthetics and convenience, and exercise or recreation walking, and reported that men 
and women that perceived a more aesthetically attractive environment (a friendly, attractive, or pleasant 
neighborhood) or a more convenient environment (including proximity parks or beaches, the presence 
of cycle paths or shops) were more likely to engage in exercise or recreation walking (185). Using a 
random sample 449 adult Australians, Booth et al also reported that subjects that perceived footpaths as 
safe for walking and with higher access to local facilities were significantly associated with being active 
(186). In a study from the Netherlands, van Lenthe et al investigated the relation of neighborhood SEP 
with physical inactivity and explored the contribution of neighborhood characteristics to this association. 
The authors reported that compared to those living in the most advantaged neighborhoods, residents 
living in their most disadvantaged counterparts were more likely to walk or cycle to shops or work, but 
 
50 
less likely to walk, cycle or garden in leisure time and less likely to participate in sports activities, after 
controlling for age, sex and individual educational level. It was also concluded that neighborhoods with 
poorer general physical design could partly explain why some people almost never participate in walking, 
cycling and other sports activities (14). Features of the local food environment, like proximity to healthy 
food stores, concentration of convenience stores, as well as food and tobacco advertising may also 
influence individuals’ dietary choices and smoking habits (184). In a cross-sectional analysis of 10,623 
participants of the ARIC Study in the US, Morland et al  found that people living in neighborhoods with at 
least one supermarket more frequently meet fruits and vegetables dietary recommendations than those 
living in neighborhoods without a supermarket, after adjustment for individual education and income 
(187). In a more recent paper using data from the same study, Morland et al reported that the existence 
of supermarkets was linked to a lower prevalence of obesity and overweight, while the presence of 
convenience stores was associated with a higher prevalence of obesity and overweight. The authors 
concluded that that the characteristics of local food environments may play a role in the prevention of 
overweight and obesity (188). Still using data from the ARIC study, Mujahid et al found that residents of 
neighborhoods with better walkability, availability of healthy foods, greater safety, and more social 
cohesion were less likely to be hypertensive after adjusting for site, age, sex, income, and education, even 
though these associations were attenuated and often disappeared after additional adjustments for 
race/ethnicity. The authors concluded that neighborhood walkability, food availability, safety, and social 
cohesion may help explain the link between neighborhoods and hypertension (189). In another study, 
Mujahid et al investigated associations between neighborhood physical and social environments and body 
mass index in 2,865 participants of the Multi-Ethnic Study of Atherosclerosis, aged 45 to 84 years and 
living in three cities of the Unites Stated of America. Neighborhood physical environment was evaluated 
with a score that included measures of a walking environment and availability of healthy foods. 
Neighborhood social environment was assessed with a score combining measures of aesthetic quality, 
safety, and social cohesion and violent crime. People living in neighborhoods with better physical 
environments had lower body mass index, after controlling for age, race/ethnicity, education, and 
income, even though these associations decreased in magnitude with the adjustment for diet and physical 
activity. Among men, body mass index was higher in areas with better social environments. These results 
led the authors to conclude that improvements in neighborhood physical environments should be 
considered for its contribution to reducing obesity (190). More recently, using data from the RECORD 
cohort, Karusisi et al found that, even after adjustment for individual/contextual factors, the spatial 
accessibility to swimming pools was associated with swimming and related sports, although the spatial 
accessibility to facilities was not associated with to the practice of other sports. High neighborhood 
income was independently associated with the practice of racket sports and fitness (191). Chaix et al also 
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investigated whether supermarkets are relevant contexts for interventions by exploring between-
residential neighborhood and between-supermarket variations in body mass index and waist 
circumference. Also, the authors studied the association between brands and characteristics of 
supermarkets and body mass index and waist circumference, after adjustment for individual and 
residential neighborhood characteristics. Briefly, this study reported that only 11.4% of participants 
shopped for food primarily within their residential neighborhood. Compared to participants using 
different supermarkets, people shopping in the same supermarket had more comparable body mass 
index and waist circumference, after adjustment for neighborhood education. After adjustment for 
individual and neighborhood characteristics, participants using specific supermarket brands, hard discount 
supermarkets (especially if they had a low education), and supermarkets whose catchment area 
comprised low educated residents were more likely to have a higher body mass index and waist 
circumference. The authors concluded interventions directed to specific supermarkets may change food 
purchasing behavior (192). 
1.5.2.1 EXPERIMENTAL EVIDENCE 
As explored in the previous section, many observational studies have found associations between 
neighborhood characteristics and health outcomes. Yet, it is still not clear if neighborhood environments 
directly contribute to the development certain diseases. The fact that people living in socioeconomically 
deprived neighborhoods differ in many ways from their counterparts living in more affluent places poses 
important methodological pitfalls to observational studies aiming to elucidate the pathways in which 
these associations are grounded, as only some of these characteristics can be adequately measured. 
These unmeasured individual characteristics may account for part or even all of the differences in health 
outcomes between different neighborhoods. As such, conclusions concerning the influence of 
neighborhoods may be more robust if based experimental evidence from randomized studies. Yet, the 
use of experimental or quasi-experimental designs to evaluate the potential health impacts of social and 
economic policies is still uncommon. 
In the last years, some large behavioral and psychological interventions have been disappointing in terms 
of their potential to modify health outcomes. This pattern is consistent, even when previous prospective 
observational studies have shown strong associations (193-195). Reasons for the lack of effect are 
probably the same as those for many other types of trials. As stated by Lisa Berkman (196), perhaps 
interventions have not been powerful enough or they could not affect the outcomes soon enough. Also, 
the effort to reverse the intermediate outcomes (depression and social isolation) may have been made 
too late and the cumulative, potentially lifelong exposures involved may have already had irreversible 
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effects. Finally, large improvements among persons in the control arm of the trial may also attenuate 
associations. 
Based on these conclusions, some social epidemiologists hesitate to subject their observational findings 
to experimental designs. Many are skeptical about the value of experimentation and believe this design 
approach may not be adequate considering the paradigm of social epidemiology. In response to this 
perspective, Berkman (196) suggests that experimental designs on these matters may still be perfected. 
She reckons one can develop sensitive designs that will test our hypotheses well and simultaneously 
guide intervention efforts to improve population health better applying the counterfactual causal 
framework proposed by several authors over the last years (197). In operational terms, a counterfactual 
question could be ‘What would this diabetic’s risk of CVD be if he or she didn’t have diabetes?’ As stated 
by Ana Diez-Roux (198), one could translate this counterfactual approach using a multilevel framework 
by questioning ‘What would this person’s health be like if he or she had the same income but lived in a 
neighborhood with a lower mean income than the one he or she actually lives in?’  
The hesitation of using experimental designs is probably grounded on the narrow biomedical idea about 
the randomized clinical trial, which commonly leads researchers to focus on individual-level 
interventions, behavioral changes that are out of context, and short-term follow-ups. This biomedical 
paradigm usually makes use of high-risk populations and/or studies persons who already have clinical 
disease. Yet, relatively little is known about the health consequences of most large-scale social and 
economic policies implemented throughout the world. For instance, the health effects of policies like 
income supplementation, minimum wage or parental leave have not been definitively researched. Even 
though some large-scale programs may not be easy to evaluate using experimental or quasi-experimental 
evidence, some social interventions have had periods in which they were tested using an experimental 
design. 
One of the most interesting examples of an experiment on this subject derives from the United States. 
The Moving to Opportunity (MTO) project was designed and implemented by the United States 
Department of Housing and Urban Development with the main purpose of increase the understanding of 
the effects of the neighborhoods of residence on ‘employment, income, education, and well-being’ (199). 
Families with members younger than 18 years of age living in Baltimore, Boston, Chicago, Los Angeles, 
or New York in selected public housing developments in census tracts with poverty rates of 40% or 
more in 1990 were eligible for this experiment. Between 1994 and 1998, eligible families were invited by 
local housing authorities to participate in a randomized lottery to receive a rent-subsidy voucher. 
Approximately 25% of the eligible families applied (200). Briefly, participating families were randomized 
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to three distinct arms. Families assigned to receive low-poverty vouchers were offered a standard rent 
subsidy voucher but were required to use it in a census tract with a poverty rate of <10% in 1990. These 
families also received short-term counseling to help with their housing search and, after one year, they 
could use the voucher to relocate to a different tract, regardless of its poverty rate. Census tracts 
contained between 2500 and 8000 people. In the traditional-voucher group, families were given a 
standard voucher with no restrictions on where they could reside and counseling was not provided. 
Families in the control group were offered no new assistance. MTO applicants completed a baseline 
survey concerning cohabitants, housing, neighborhood and experiences. After randomization, families 
were followed-up in order to assess a large assortment of long term outcomes, including some related 
to health.  
One important paper by Ludwig et al (201) reported an analysis of MTO data aiming to assess the 
association of randomly assigned variation in neighborhood conditions with obesity and diabetes. The 
average follow-up period was 12.6 years. Candidates for study participation were offered $50 to 
complete our survey and another $25 to undergo height and weight assessments and provide a blood 
sample. Height was marked on the wall with the use of a rafter angle square and measured to the 
nearest 0.6 cm with a metal tape measure. Weight was measured to the nearest 0.23 kg with a digital 
electronic floor scale. Obesity was defined on the basis of prevalent recommendation and different 
dichotomous variables were created based on different cut-off values of body-mass index:  30 Kg/m2, 35 
Kg/m2 and 40 Kg/m2. Blood samples were assayed for glycated hemoglobin at certified laboratories. 
Diabetes was defined as a glycated hemoglobin level of 6.5% or more. 
When compared to the control group, the group with the opportunity to use a voucher to move to a 
neighborhood with a lower poverty rate had relative reductions of 13.0%, 19.1%, and 21.6% of the 
prevalences of a BMI ≥35 Kg/m2, ≥40 Kg/m2 and glycated hemoglobin. The magnitude of the associations 
were larger for participants who moved with a voucher that was restricted to use in a low-poverty area 
than they were for the intention-to-treat estimates for all participants who received the restricted 
voucher and were consistent with the effect sizes reported in previous observational studies.  
The experimental nature of this study brought several novelties to the epidemiological literature hitherto 
largely based on observational studies. The use of a large social experiment was important to overcome 
concerns about selection bias associated with epidemiologic studies. Also, the collection of objective 
measurements for health outcomes 10 to 15 years after randomization provided the authors with the 
opportunity to state more confidently the interpretation of their main results. The study also allowed 
the analysis of the effect of inducing a homogeneous group of people to live in a wide variety of 
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neighborhoods. Yet, this study also had several well discussed limitations (202). It is possible that the 
participants for whom information on the long-term outcomes studied had systematic differences across 
the randomized groups in unobservable variables. The use of a glycated hemoglobin level of 6.5% or 
more did not take into consideration successful treatments. Also, the baseline surveys included little 
information about health. Yet, this restriction did not affect the internal validity of the intention-to-treat 
estimates. Although caution is warranted in generalizing these results to different populations, the finding 
that neighborhood environments are associated with the prevalence of obesity and diabetes may have 
implications for understanding trends and inequalities in health. Together with the results of previous 
studies documenting the large social costs of obesity and diabetes, these results raise the possibility that 
clinical or public health interventions that ameliorate the effects of neighborhood environment on 
obesity and diabetes could generate substantial social benefits.  
1.5.3 EVIDENCE FROM MIGRANT STUDIES 
Cardiovascular disease is the first cause of death in both high-income nations and many economically 
developing countries, even though there are large differences in cardiovascular mortality rates between 
populations. Many migrant studies focus on risk factors or predictors with CVD. Angina is a powerful 
predictor of cardiovascular mortality. By studying subjects that migrated from the United Kingdom and 
Norway to the United States, Feinleib et al investigated mortality differences associated with angina. In 
migrants without angina, mortality rates were similar to their non-migrants from Britain and Norway. 
Yet, compared to Norwegians, the British had higher mortality rates from cardiovascular causes. The 
presence of angina was more common among the non-migrant British and Norwegians than among the 
migrants to the United States. The authors argued that this difference was determined by a health 
selection mechanism working on those who migrate, with migrants being systematically healthier than 
non-migrants (203). Marmot et al also reported a lower mortality for ischemic heart disease among 
migrants from USA and Scotland to Wales and England than in their home countries (204). Bennett 
studied inequalities in biological and lifestyle risk factors for CVD in migrants to Australia compared to 
Australian natives. Significant differences were found for systolic blood pressure, obesity and behavioral 
risk factors between migrant groups and the Australian-born. In general, migrants had a lower 
cardiovascular mortality, with systolic blood pressure being the factor best explaining this finding among 
males and smoking among females (205). Likewise, lower cardiovascular mortality rates were found for 
migrants from Latin America, China and South Asia in Canada (206), and for Turkish subjects in 
Germany (207). Rogot et al also reported a lower rates of CHD among British and Norwegian migrants 
to the US, when compared with native US residents (208). According to Shai and Rosenwaik, heart 
disease was also less frequent among Mexican migrants than among the host white population of Chicago 
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(209). Worth et al also found that the age-specific CHD death rates were markedly lower in Japanese 
migrants to the US than in American whites (210).  
On the contrary, Finnish migrants in Canada and in Scandinavia presented excess mortality from CVD. 
Valkonen et al argued that these patterns could be interpreted in the light of the persistence of certain 
dietary habits, like a diet rich in animal fat or high alcohol intake. However, the cardiovascular mortality 
of all Scandinavian-born (Finland, Sweden, Norway, Denmark) migrants to Canada was found to be lower 
than in their countries of origin (211). This may be due to the influence of a more health friendly 
environment in Canada or due to a healthy migrant effect. 
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1.6 THE PORTUGUESE SOCIETY  
Like all societies, the Portuguese society is in a continuous process of change. Over the last 50 years, 
profound political, economic, social and cultural transformations have occurred. This process of social 
reconfiguration is not dissociable from the April revolution of 1974 when the prevailing fascist regime 
was substituted by a democracy. It is also strongly influenced by the creation and development of a 
welfare state and by the integration of Portugal as a member of the European Union in 1986. From the 
socioeconomic point of view, the last half-century was characterized by the investment on policies to 
modernize the economic tissue and by a rapid urbanization. These changes, accompanied by the 
adoption of new lifestyles and cultural values, must be framed within the sustained increment of the 
qualification profiles of the Portuguese population. 
The evolution of the Portuguese social structure over the last 50 years has been thoroughly described 
and discussed by Mauritti et al (212). Between 1960 and 2011, the proportion of the population aged 65 
years or more increased from 8% to 19%, whereas the proportion of the population aged less than 15 
years decreased from 29% to 14%. These trends result from a decrease in birth rates that may be 
contextualized within changes in the patterns of family organization, fertility and marriage rates. On the 
other side of the scale, increases in longevity also contributed to the net aging of the Portuguese 
population. Additionally, results from the 2011 National Census point to a decrease of the relative 
weight of the active population, probably already reflecting the effects of both the returning of 
immigrants to their countries of origin and the emigration of Portuguese adults in search for better 
working conditions. This migration dynamics has to be integrated within the profound socioeconomic 
consequences of the strong austerity measures implemented by the government in response to the 
sovereign debt crisis that affected Portugal over the last years. 
Even though the levels of education and qualification have increased substantially over the last decades, 
the Portuguese population still lacks to most European countries in this respect. These deficits have 
important social and economic costs, which help to explain the Portuguese development lag relative to 
some of its European peers. By 2011, the illiteracy rate in Portugal was still 5.2%, whereas in most 
European countries this rate has been residual for some decades. Still, illiteracy rates have been 
decreasing in Portugal. The progressive development of schooling of the Portuguese population led to a 
massive enrollment on secondary levels of education which function as a landmark for a fluent civic 
participation and citizenship exercise. Between 1960 and 2010, the proportion of population aged 25 to 
64 years who completed a secondary or college degree increased significantly. Yet, due to the low rates 
observed in the beginning of this period, little more than 30% of the population had completed a 
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secondary degree by 2010. These figures are still distant from the average of 44% observed for the 
countries belonging to the Organization for Economic Cooperation and Development (213). Over the 
last half century, the access to universities ceased to be a privilege reserved to a restricted elite group 
and acquired a decisive institutional relevance. Whereas before 1974 only 3.5% of the population aged 
between 20 and 24 years were enrolled in college, by 2011 this figure was 29.1%. One critical 
consequence of the increased preponderance of the student population enrolled in college is the change 
and progressive elevation of the social and economic status of women in Portugal. From a scarce 
minority in 1960, women became more common than men in the Portuguese universities since 1990. 
These figures have stabilized since then and, by 2011, women represented 54.2% of the university 
population. Yet, other important events concurred to the social emancipation of Portuguese women. 
Since 1960, the female activity rate increased by 238% and currently approaches the male activity rates, 
particularly among the younger and more educated population. This change has had important 
consequences on the gender convergence of professional and family roles. In Portugal, a traditional 
patriarchal society was norm during the dictatorship. In the words of Salazar, “female work outside the 
household disaggregates families”. Yet, gender occupational segregation had started to decrease at least 
since the colonial war in the 60s, a time when job opportunities increased for women, as a result of 
massive emigration of men. The instauration of democracy following the April 1974 revolution opened 
new possibilities and recognized equality between men and women. The Constitution of 1976 
consolidated this change in juridical terms (214). This sequence of events was the basis for a fundamental 
change in women’s private and public life, with a massive entry of women in the labor market and with 
the implementation of policies conciliatory of family and professional life. Nowadays, almost 80% of 
women with children less than 12 years old have a full-time job. These figures are high in the European 
context. Furthermore, whereas in the Scandinavian countries part-time jobs are common for women 
with young children, in Portugal these women’s working condition are similar to men’s, even though 
inequalities in income and in access to power positions persist (215). 
The analysis of the processes of social recomposition also puts in evidence the profound changes 
occurring in Portugal over the half century. In this section, based on the work by Mauritti et al (212), 
social classes were obtained using the ACM class typology, developed Costa et al (216). The ACM class 
typology is a socio-ocupational indicator of class based on two main variables: “employment status” and 
“occupation”. The latter is operationalized according to the International Standard Classification of 
Occupations. In its main version, the ACM typology comprises 5 socio-occupational categories, although 
it can be aggregated or expanded into other versions, depending on the objective. For the present 
discussion, a seven-category version was chosen: entrepreneurs, executives and liberal professionals, 
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technical professionals, independent workers, independent farmers, executive employees, industrial 
workers and agricultural workers. This approach helped to differentiate between industrial and 
agricultural workers, which had different evolutions over time. 
According to the census 2011, individuals exclusively engaged in agriculture-related activities have 
become scarce. Agricultural workers and independent farmers represented 2% and 1% of the 
active population, compared to the 28.3% and 14.1% back 1960, respectively. These low figures do not 
mean that agriculture is a socially insignificant activity in Portugal. Besides its economic and cultural 
intrinsic importance, nowadays, agricultural production is sometimes a secondary activity that 
complements the main activity in which individuals are engaged. At the same time, the practice of 
agriculture-related activities can work as a buffer by providing families transient subsistence conditions in 
the transition periods between unemployment and employment. The trends observed for the industrial 
workers corroborate this interpretation. Between 2001 and 2011, the relative weight of this social class 
on the overall socioprofessional structure decreased from 30.3% to 23.7%. The fact that a large 
proportion of these individuals correspond to men older than 45 years who lost their jobs due to a 
massive number of enterprise insolvencies or to the delocalization of industrial units to other parts of 
the world makes socioprofessional reconversion more difficult. So, when unemployment persists after a 
period of eligibility to unemployment benefits, these individuals face a relatively limited number of 
options. Some resort to some kind of agricultural activity, others begin a socioprofessional reconversion 
period to independent work, while others opt to migrate. Executive employees are a class that 
absorbed a large part of the increase of women’s participation on economic activity over the last decade. 
Its stabilization around the 32% of the overall socioprofessional structure can be framed within the 
trends of requalification of the active population, considering the increase of preponderance of the top 
salaried categories, involving professional engaged in scientific, technical and cultural services: technical 
professionals.  This segment, which includes waged intellectual and scientific professionals, as well as 
technical professionals integrated in economic activities from the private and public sectors, presented 
the largest relative increase between 1960 and 2011, from 3% to 23%, respectively. This increase is 
related to the overall modernization of the Portuguese society over the last 50 years, which determined 
an increased demand for technical skills and knowledge. The increasing influence of this class also created 
a larger demand not only for an “industry” of ludic, cultural, aesthetical, sports or educational services, 
but also for an “industry” related to personal image and healthy lifestyle services. Independently of its 
growth, the current weight of technical professionals within the active population is still small when 
compared to the executive employees. In a context of globalization and worldwide interdependencies, 
the competitiveness of Portugal may be dependent on its ability to increase the preponderance technical 
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professionals within the Portuguese society. The last important socioprofessional group in the 
Portuguese society is largely heterogeneous and comprises entrepreneurs, managers and liberal 
professionals. Their increase from 6% in 1960 to 15% in 2011 is linked to the creation of thousands of 
small or very small enterprises and to the processes of reorganization of the central, regional and local 
public administration that accompanied the development of the welfare state. It also incorporates a 
component of reactive self-employment and technological activities, less prone to generate waged jobs. 
Both the consistent observation of how unequal the Portuguese society is and the accumulation of 
international evidence supporting the importance of social determinants of health led to development of 
research groups aiming to study health inequalities in Portugal. Lucas observed that both death and 
disease states are unequally distributed in the Portuguese society and that public and private health care 
do not contribute to solve this situation, given their inability to address the larger needs of certain 
socioeconomic groups, such as manual workers (217). Pereira reported associations between 
socioeconomic conditions and health outcomes, particularly in mortality rates during the first year of life 
(218). Correia de Campos, former Health Minister, advocated the need to better study the association 
between non-sanitary factors, individual behaviors and health outcomes (219). Maria do Rosário Giraldes 
stated that mortality and morbidity patterns show an important socioeconomic gradient in Portugal and 
that there is enough evidence in the contemporary literature to support that the improvement in health 
standards may result both from improvements in environmental factors hostile to health and the 
development of sophisticated means to treat health problems (220). Also the 2001 Report of the 
Director-General and High Commissioner of Health, while examining health outcomes in Portugal 
between 1996 and 2001, concluded that the greatest advances have occurred in areas where the 
predominant influence of extrinsic factors, including higher socioeconomic affluence, structural and 
service improvements. The most notable case is that of perinatal health, where Portugal reached a very 
favorable situation at European Union level. Conversely, progress has been much lower in areas where 
the predominant influence of intrinsic factors, such as attitudes and harmful behaviors, reckless and 
aggressive behaviors. Examples included road accidents, domestic violence and AIDS (221). In a survey of 
behaviors and attitudes of the Portuguese towards the national health system, it was concluded that 
morbidity is not independent of demographic and socioeconomic attributes. In addition to age and 
gender, low educational achievement and self-rated social class were associated with higher morbidity 
(222). Another study from 2002, using data from the National Health Survey 1998/9, revealed important 
socioeconomic inequalities in morbidity in Portugal. The authors concluded that the educational level and 
income contributed differently to health inequalities, depending on the type of morbidity indicator. The 
inequality in morbidity resulting from chronic diseases were more sensitive to educational level than to 
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income (223). The accumulation of national and international evidence on the determinants of health has 
allowed the creation of models for assessing the health status of populations, with the selection of 
appropriate indicators, the choice of units of measure and the weighting of each of these indicators. In 
Portugal, one of the first projects for the integrated assessment of health status of a population was the 
creation of a model of Regional Health Observatory of Trás-os-Montes and Alto Douro in 1993. This 
model considered six groups of factors: health indicators, demographic indicators, health care supply, 
health services use, social indicators and economic indicators (224). The evaluation of the performance 
of public hospitals has also improved in Portugal, by taking into account the context within which the 
hospitals are located, particularly the socioeconomic environment, morbidity, mortality and health 
market of each of the regions where the hospitals are integrated (225, 226). 
The Portuguese society is profoundly divided from the social point of view. Irrespective of its 
modernization, it is a stratified society with a marked polarization between the most privileged and 
qualified classes and the large majority of employees and workers (212). It is a society where upward 
social mobility paths are relatively rare and determined by the differential access to resources and capital 
(227). It is a society with low levels of citizenship and of collective action which tend to be catalyzed by 
the most educated groups (228). It is a society where the least qualified workers struggle to face the 
unbalances caused by the labor markets (229). It is a society where very few women born to low SEP 
families between 1920 and 1930 were able to diverge from a life heavily influenced by domestic work 
(230). It is a society where large and persistent income inequalities emphasize social polarization (231). It 
is a society with a disappearing middle class characterized by low incomes (232). Portugal is a society of 
classes struggling to break its inherent social antagonisms.   
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2. OBJECTIVES 
 
Health is fundamental to our wellbeing. Good health allows us to integrate the society and benefit 
entirely from lifetime opportunities and chances. Socioeconomic inequalities in health negate some 
groups of people their right to equality of opportunity (233). The social determinants of health include 
the conditions in which people are born, grow, live, work and get old and are modeled by the 
distributions of income, power, prestige and access to resources and are used to describe the impact of 
the social environment on health. Given the inherent complexity of the identification of mechanisms 
through which the position an individual occupies in the social structure influences individual health, 
various authors have conceptualized this schematically. One of the most frequently cited models was 
proposed by Whitehead in 1991 (50). Under this framework, the health of individuals is shaped by a set 
of factors that may or may not be under individual control. Health is influenced by a series of layers of 
influence that may be more or less proximal to the individual, starting from static factors like sex or age, 
going through proximal individual lifestyle like diet or sports habits, to the distal socioeconomic, cultural 
and environmental conditions in which an individual lives (Figure 4).  
Figure 4: Social Determinants of Health. Source: Whitehead, 1991 (50) 
 
Throughout this thesis, we aimed to describe how inequalities shape the cardiovascular health of the 
Portuguese population. We intended to pursue this objective by exploring how socioeconomic 
determinants influence CVD from a centrifugal perspective, where the individual person is the starting 
point. To explore this axis, we started our analyses of inequalities in CVD by assessing socioeconomic 
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dimensions closer to the individual, including gender, educational achievement or occupational 
differentiation, to then focus our interest on more distal socioeconomic dimensions like neighborhood 
socioeconomic deprivation, international migration and regional differences in the magnitude of 
inequalities. This centrifugal perspective frames the sequence of the papers that compose this thesis. We 
also aimed to demonstrate how inequalities are measurable from the onset of early eminently behavioral 
risk factors like smoking, physical inactivity or obesity, going through attitudes towards healthcare use 
like time since the last blood pressure measurement, cholesterol measurement or medical visit, to then 
focus on the assessment of inequalities on the overt diagnoses of hypertension, hypercholesterolemia or 
diabetes mellitus and finish on the analyses of the proportion of treatment uptake and control (Figure 5).  
 
Figure 5: Schematic depiction of the studied outcomes 
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2.1 SPECIFIC OBJECTIVES 
The specific objectives of this thesis are: 
1. To estimate the prevalence of hypercholesterolemia, eligibility for lipid-lowering drug therapy 
and metabolic control among medicated individuals in women and men;  
2. To estimate the prevalence of nine established cardiovascular risk factors according to individual 
socioeconomic position, in women and men; 
3. To quantify the association between neighborhood deprivation and the consumption of fruits and 
vegetables, leisure-time physical activity and waist circumference among women and men living in 
Porto; 
4. To compare cardiovascular risk factor prevalence, healthcare use and self-perceived health 
between resident Portuguese and Portuguese migrants in Switzerland; 
5. To compare the levels and management of the main cardiovascular risk factors between 
Portuguese living in Porto and Portuguese migrants living in Lausanne; 
6. To estimate and compare regional relative and absolute educational inequalities in self-reported 
obesity in Portugal, in women and men. 
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3. PAPERS 
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3.1 PAPER 1: HYPERCHOLESTEROLEMIA, ELIGIBILITY FOR LIPID-LOWERING THERAPY 
AND THERAPEUTIC SUCCESS: POPULATION-BASED STUDY IN A PORTUGUESE 
URBAN POPULATION 
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3.2 PAPER 2: SOCIOECONOMIC INEQUALITIES IN THE PREVALENCE OF NINE 
ESTABLISHED CARDIOVASCULAR RISK FACTORS IN A SOUTHERN EUROPEAN 
POPULATION 
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Table S1 – Distribution of occupational classes by education category 
  Women Men 
  Upper white 
collar 
Lower white 
collar 
Blue collar Upper white 
collar 
Lower white 
collar 
Blue collar 
Education 
(years) 
       
 >11 n(%) 218 (88.9) 25 (10.2) 2 (0.8) 162 (89.5) 17 (9.4) 2 (1.1) 
5-11 n(%) 73 (28.4) 136 (52.9) 48 (18.7) 116 (44.8) 93 (35.9) 50 (19.3) 
<5 n(%) 6 (1.24) 87 (18.0) 389 (80.7) 20 (7.1) 81 (28.9) 179 (63.9) 
  pa)  <0.001   <0.001  
a) The χ2 test was used to compare proportions between groups. 
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3.3 PAPER 3: ASSOCIATION BETWEEN NEIGHBORHOOD DEPRIVATION AND FRUITS 
AND VEGETABLES CONSUMPTION AND LEISURE-TIME PHYSICAL ACTIVITY: A 
CROSS-SECTIONAL MULTILEVEL ANALYSIS 
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3.4 PAPER 4: PORTUGUESE MIGRANTS IN SWITZERLAND: HEALTHCARE AND 
HEALTH STATUS COMPARED TO PORTUGUESE RESIDENTS 
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Table S1: Multivariate analysis of the association between migration status and length of stay and cardiovascular risk factors or health care use.   
        
 Migrant status Migrant status, according to length of stay §§ 
 Portugal Switzerland Portugal Switzerland, ≤17 years Switzerland, >17 years 
Obesity (n=30,778) 1 (ref.) 0.88 (0.74-1.05) 1 (ref.) 0.78 (0.53-1.15) 0.85 (0.61-1.18) 
Current smoking (n=31,331) 1 (ref.) 1.17 (1.02-1.34) 1 (ref.) 1.21 (0.92-1.59) 0.99 (0.72-1.35) 
Hypertension (n=30,466) 1 (ref.) 1.14 (0.82-1.58) 1 (ref.) 1.79 (0.91-3.53) 0.61 (0.22-1.64) 
Blood pressure screening  § (n=7984) 1 (ref.) 0.90 (0.72-1.12) 1 (ref.) 1.05 (0.78-1.42) 0.86 (0.62-1.21) 
Cholesterol screening § (n=7946) 1 (ref.) 1.08 (0.89-1.30) 1 (ref.) 1.04 (0.79-1.36) 1.36 (1.02-1.82) 
Medical visit § (n=23,003) 1 (ref.) 9.46 (8.17-11.0) 1 (ref.) 10.1 (7.54-13.5) 7.23 (5.35-9.77) 
Health status good/very good (n=22,244) 1 (ref.) 2.70 (2.34-3.12) 1 (ref.) 2.02 (1.53-2.68) 3.50 (2.67-4.59) 
 
Results are expressed as Odds ratios and 95% confidence interval obtained with logistic regression models adjusted for age, marital status, education and employment status. §, in the previous 12 
months; §§, Analysis restricted to Portuguese residents and 550 Portuguese migrants with information on length of stay. 
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3.5 PAPER 5: PREVALENCE AND MANAGEMENT OF CARDIOVASCULAR RISK 
FACTORS IN PORTUGUESE LIVING IN PORTUGAL AND PORTUGUESE WHO 
MIGRATED TO SWITZERLAND: CARDIOVASCULAR RISK FACTOR LEVELS IN 
PORTUGUESE ACCORDING TO MIGRANT STATUS 
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ABSTRACT 
Background/Objectives: information regarding the health status of migrants compared to subjects 
who remain in the country of origin is scarce. We aimed to compare the levels and management of 
the main cardiovascular risk factors between Portuguese living in Porto (Portugal) and Portuguese 
migrants living in Lausanne (Switzerland). 
Methods: cross-sectional studies conducted in Porto (EPIPorto, n=1150) and Lausanne (CoLaus, 
n=388) among subjects aged 35-65 years. Educational level, medical history and time since migration 
were collected using structured questionnaires. Body mass index, blood pressure, cholesterol and 
glucose levels were measured using standardized procedures.  
Results: Portuguese living in Lausanne were younger, more frequently male and had lower education 
than Portuguese living in Porto. After multivariate adjustment, Portuguese living in Porto had a higher 
likelihood of being obese [Odds ratio (OR) (95% confidence interval (95%CI)): 1.40 (1.01-1.94)] or 
abdominal obese [OR (95%CI): 1.40 (1.02-1.93)] than Portuguese living in Lausanne. Portuguese living 
in Porto had a higher likelihood of being hypertensive [OR (95%CI): 1.38 (1.01-1.90)], while no 
differences were found regarding hypertension management and control. Portuguese living in Porto 
had a higher likelihood of being hypercholesterolemic [OR (95%CI): 1.40 (1.06-1.85)] and were less 
likely to be treated [OR (95%CI): 0.47 (0.27-0.83)] and controlled [OR (95%CI): 0.47 (0.27-0.83)] 
than Portuguese living in Lausanne. No differences were found regarding smoking, and prevalence 
and management of diabetes. 
Conclusions: Portuguese living in Lausanne, Switzerland, present a more favorable cardiovascular 
risk profile and tend to be better managed regarding their cardiovascular risk factors than 
Portuguese living in Porto, Portugal. 
Keywords: migrants; cardiovascular risk factors; prevalence; management; Portugal; Switzerland. 
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1. INTRODUCTION 
International migration is an increasingly common phenomenon worldwide. Over the last two 
decades, there was a large increase in the number of international migrants in Europe, from 50 
million in 1990 to 70 million in 2010 [1]. Migrants are generally seen as vulnerable population groups 
which tend to exhibit disadvantaged cardiovascular health profiles [2]. Migration studies are a 
potentially revealing research setting since they allow the evaluation of variations in health in the 
context of large environmental changes that occur in a specific point in time. 
Most migrant studies have compared migrants and nationals from the host country [2]. Yet, although 
it provides important complementary information, the comparison of migrant populations with the 
population of their respective country of origin is less frequent [3-8]. Furthermore, most of these 
studies addressed the effect of migration on subjects going from a developing country to a developed 
one, and less work has been done regarding migrants going from a developed country to another.  
Switzerland is a multicultural country with one of the highest and increasing proportions of foreign 
population in Europe. In 2011, 223,700 Portuguese had a permanent residency in Switzerland [9]. 
Lausanne is a city located in the French-speaking region of Switzerland with approximately 180,000 
inhabitants. For the period 2003-2006, 37% of its permanent residents were foreigners [10]. Porto is 
the second largest Portuguese city with approximately 240,000 inhabitants. Although some studies 
have compared the health status of Portuguese migrants with Swiss nationals [11, 12], little is known 
on how cardiovascular risk profiles and management differ between Portuguese immigrants in 
Switzerland and resident Portuguese. 
In this study, we aimed to compare the levels and management of the main cardiovascular risk 
factors between Portuguese living in Porto (Portugal) and Portuguese migrants living in Lausanne 
(Switzerland) using representative samples of each city taken from the baseline evaluation of two 
population-based studies, EPIPorto and CoLaus, respectively. 
2. MATERIAL AND METHODS 
2.1 Sampling procedure 
The methodologies of the EPIPorto and CoLaus studies have been described previously [13, 14]. 
Both studies have been approved by the local ethics committees and comply with the declaration of 
Helsinki. As the prevalence of most cardiovascular risk factors is lower in younger individuals and 
most migrants tend to return to their original country after retiring, subjects aged below 35 or over 
65 years (official age for retirement in Switzerland) were excluded. 
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In the EPIPorto study, we assembled a representative sample of community dwellers of Porto 
between 1999 and 2003. The inclusion criteria were: (a) written informed consent; (b) willingness to 
take part in the examination and to provide blood samples. Random digit dialing of landline 
telephones was used to select households at a time when most houses (>95%) had a landline 
telephone. The household was considered unreachable after at least four dialing attempts at different 
hours and including week and weekend days. Within each household, a permanent resident aged 18 
years or more was selected using simple random sampling and refusals were not replaced. The 
proportion of participation was 70% [15]. The final sample size was 2,485 individuals (1,539 women 
and 946 men) of whom 1,550 were aged between 35 and 65 years.  
In the CoLaus study a simple, nonstratified random sample of the overall population of Lausanne was 
drawn. The inclusion criteria were: (a) written informed consent; (b) willingness to take part in the 
examination and to provide blood samples and (c) Caucasian origin. Recruitment began in June 2003 
and ended in May 2006 [13]. Participation rate was 41%, with 6,188 Caucasian participants (3,251 
women and 2,937 men) of whom 388 were born in Portugal and were aged between 35 and 65 
years. 
2.2 Data collection 
In the EPIPorto study, anthropometrics were obtained after overnight fasting (minimum fasting time 
12 hours) with the participant in light clothing and barefoot. Body weight was measured to the 
nearest 0.1 kilogram using a digital scale and height was measured to the nearest centimeter in the 
standing position using a wall stadiometer. Waist circumference was measured to the nearest 
centimeter using a flexible and non-distensible tape, midway between the lower limit of the rib cage 
and the iliac crest. Blood pressure was measured on a single occasion following the American Heart 
Association recommendation [16], with a standard mercury sphygmomanometer. Two blood 
pressure readings were taken with the participant resting for 10 minutes, and the mean of the two 
readings calculated. If the two readings differed more than 5 mm Hg, a third reading was taken and 
the mean of the two closest readings kept. Serum glucose level was determined using routine 
enzymatic methods and cholesterol and triglyceride levels were determined using standard enzymatic 
colorimetric methods [17, 18]. High density lipoprotein cholesterol levels were determined after 
precipitation of apolipoprotein B-containing lipoproteins [19]. Low density lipoprotein cholesterol 
(LDL-C) levels were calculated using the Friedewald equation only if triglycerides <4.6 mmol/l [20]. 
In the CoLaus study, all participants were seen in the morning after an overnight fast (minimum 
fasting time 8 hours). Body weight and height were measured with participants standing without 
shoes in light indoor clothes. Body weight was measured in kilograms to the nearest 100g using a 
Seca® scale, which was calibrated regularly. Height was measured to the nearest 5 millimetres using 
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a Seca® height gauge. Waist circumference was measured with a non-stretchable tape over the 
unclothed abdomen at the narrowest point between the lowest rib and the iliac crest. Two 
measurements were made and the mean (expressed in centimetres) was used for analyses. Blood 
pressure and resting pulse were measured thrice on the left arm, with an appropriately sized cuff, 
after a rest of at least 10 minutes in the seated position using an Omron® HEM-907 automated 
oscillometric sphygmomanometer. The average of the last two blood pressure measurements was 
used for analyses. Laboratorial assays were performed by the CHUV Clinical Laboratory on fresh 
plasma samples within 2 hours of blood collection in a Modular P apparatus (Roche Diagnostics, 
Switzerland). The following analytical procedures (with maximum inter and intra–batch coefficients of 
variation) were used: total cholesterol by CHOD–PAP (1.6%–1.7%); HDL–cholesterol by CHOD–
PAP + PEG + cyclodextrin (3.6%–0.9%); glucose by glucose dehydrogenase (2.1%–1.0%); triglycerides 
by GPO–PAP (2.9%–1.5%). LDL–cholesterol was calculated with the Friedewald formula only if 
triglycerides <4.6 mmol/l. 
In both EPIPorto and CoLaus, information on sociodemographic characteristics and medical history 
was collected by trained interviewers using structured questionnaires. Education was grouped as 
elementary, secondary or university. Ongoing treatment for hypertension, dyslipidemia and diabetes 
mellitus was considered according to reported information. Specifically in the CoLaus study 
information on length of stay in Switzerland was collected and dichotomized using 5 years as a cut-off 
value. Overweight was defined as a body mass index (BMI) ≥25 and <30 kg/m2; obesity was defined 
for a BMI≥30 kg/m2. Abdominal obesity was considered for a waist >102 cm (men) or >88 cm 
(women) [21]. Hypertension was considered if the participant had a systolic blood pressure (SBP) 
≥140 mmHg or a diastolic blood pressure (DBP) ≥90 mmHg or was taking antihypertensive drugs. 
Treated hypertensive participants were considered controlled if they had SBP <140 and DBP <90 
mm Hg. Dyslipidemia was considered if the participant had a total cholesterol >5.2 mmol/L or was 
on hypolipidemic drugs. Treated dyslipidemic participants were considered controlled if they had a 
total cholesterol ≤5.2 mmol/L. Diabetes was considered if the participant had a glucose level ≥7.0 
mmol/L or reported taking antidiabetic drugs. 
2.3 Statistical analysis 
Statistical analyses were performed using Stata version 12.0 for Windows (Stata Corp, College 
Station, Texas, USA). Due to their skewed distribution, triglyceride values were log-transformed for 
analysis. Descriptive results were expressed as number of participants (percentage) or as average ± 
standard deviation. Bivariate analyses were performed using chi-square or Fisher’s exact test for 
qualitative variables and Student’s t-test for quantitative variables. For qualitative variables, 
multivariate analysis was performed using logistic regression and the results were expressed as Odds 
ratio and 95% confidence interval. For quantitative variables, multivariate analysis was performed 
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using analysis of variance and the results were expressed as multivariate adjusted mean ± standard 
error. Statistical significance was assessed for p<0.05. 
3. RESULTS 
3.1 Characteristics of participants 
The main characteristics of participants according to place of living are summarized in table 1. 
Portuguese migrants living in Lausanne were more frequently men, were younger and had a lower 
educational level than Portuguese living in Porto. The average length of stay for the Portuguese 
migrants was 18±6 years (range 1 – 52), and 381 out of 388 (98.2%) had a length of stay ≥5 years. 
3.2 Levels and management of cardiovascular risk factors 
The levels and management of cardiovascular risk factors according to place of living are summarized 
in table 2. In bivariate analyses, cardiovascular risk profiles were less favorable among Portuguese 
living in Porto, when compared to their migrant counterparts, regarding waist circumference and 
abdominal obesity (only among women), blood pressure levels, hypertension prevalence and 
proportion of treatment among hypertensive subjects, cholesterol levels and proportion of control in 
hypercholesterolemic subjects. 
The results of the multivariate analyses of cardiovascular risk factors among Portuguese living in 
Porto and Portuguese living in Lausanne are summarized in tables 3 and 4. Portuguese living in Porto 
had higher gender-, age-, and education-adjusted BMI levels than Portuguese living in Lausanne. 
Women living in Porto had a higher adjusted waist circumference than women living in Lausanne, 
while no such differences were found in men (table 3). Portuguese living in Porto also had a higher 
likelihood of presenting with obesity or abdominal obesity than Portuguese living in Lausanne (table 
4). 
Portuguese living in Porto had higher blood pressure levels than Portuguese living in Lausanne (table 
3) and a higher likelihood of presenting with hypertension (table 4), while no differences were found 
regarding treatment and control of hypertension (table 4). 
Portuguese living in Porto had lower HDL cholesterol and higher LDL cholesterol levels than 
Portuguese living in Lausanne, while no differences were found for total cholesterol and triglycerides 
(table 3). Portuguese living in Porto had a higher likelihood of presenting with hypercholesterolemia 
and a lower likelihood of being treated or controlled (table 4).Portuguese living in Porto had lower 
glucose levels than Portuguese living in Lausanne (table 3), but no differences were found regarding 
diabetes prevalence or treatment (table 4). 
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Finally, no differences were found between Portuguese living in Porto and Portuguese living in 
Lausanne regarding smoking status (table 4). Similarly, no important differences in results were found 
after excluding subjects living in Switzerland for less than 5 years (Appendix A). 
4. DISCUSSION 
Most studies focusing on migrants have compared migrants with nationals within a given country. 
Overall, our results suggest that Portuguese living in Lausanne, Switzerland, tend to present a better 
health profile and to be better managed regarding their cardiovascular risk factors than Portuguese 
living in Porto, Portugal. 
In agreement with previous reports [22], Portuguese living in Lausanne were more frequently male, 
were younger and had a lower educational level than Portuguese living in Porto. These differences 
can be explained by the fact that unemployment rates in Portugal are higher among younger and /or 
lower educated people [23], making them migrate in search of an employment. The preponderance 
of men among Portuguese migrants might be explained by the fact that among Portuguese couples, 
men migrate first in search of employment, with the wife joining him afterwards (family reunification). 
Compared to Swiss nationals, Portuguese migrants had a higher likelihood of being obese [11]. Still, 
in the current study, Portuguese migrants had lower BMI and obesity levels than Portuguese living in 
Porto. These differences might partly be due to differences in overweight and obesity management 
between Portugal and Switzerland. Indeed, obesity is seldom screened for and managed in Portugal 
[24]. For instance, among the 74 obese Portuguese migrants in Switzerland, 62 (84%) indicated having 
been told by their doctor that they had excess weight, a value considerably higher than the 17% 
previously reported for Portugal [24]. However, other causes such as differences in dietary intake or 
physical activity are expected to also play an important role and further studies are needed to better 
assess this point. 
Portuguese living in Porto had higher blood pressure levels and were more frequently hypertensive 
than Portuguese living in Lausanne, and these differences persisted after multivariate adjustment. 
Possible explanations include the fact that Portuguese migrants tend to be very active regarding 
prevention [22] and also differences in dietary intake. For instance, mean salt estimated by 24h 
urinary sodium excretion was 12.3 g/day in Portugal [25] versus 9.1 g/day in Switzerland [26]. 
Interestingly, the 3 mmHg difference in SBP levels observed between Portuguese living in Porto and 
Portuguese living in Lausanne is within the estimated change achieved by a 3 g/day difference in salt 
intake [27, 28]. Hence, it would be of interest to compare the dietary habits of the two groups under 
study, in order to assess the impact of dietary changes in cardiovascular risk factors. Of note, no 
differences were found regarding hypertension management and control after multivariate 
adjustment. Nevertheless, less than 4 out of 10 hypertensive participants were treated, and less than 
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4 out of 10 treated hypertensive participants were controlled, a value lower than previously 
reported in Switzerland [29]. Overall, our results suggest that Portuguese living in Lausanne have 
lower blood pressure levels and similar hypertension management than Portuguese living in Porto. 
Still, hypertension management among Portuguese living in Lausanne appears to be lower than among 
Swiss nationals. 
Higher LDL cholesterol and lower HDL cholesterol levels in Portuguese living in Porto compared to 
Portuguese living in Lausanne might again be related to changes in dietary habits, although differences 
in dyslipidemia awareness and management may also explain these findings. This hypothesis is 
supported by the fact that, among dyslipidemic participants, Portuguese living in Porto were less 
likely to be treated and less likely to be controlled than Portuguese living in Lausanne.  
Portugal has one of the highest prevalences of diabetes among European countries [30]. Yet, 
Portuguese living in Lausanne had higher glucose levels than Portuguese living in Porto, although no 
differences were found regarding the prevalence or management of diabetes. Again, a possible 
explanation might be differences in dietary intake, but further studies are needed to confirm this 
hypothesis. The lack of difference regarding the prevalence or management of diabetes might be 
related to a reduced statistical power due to the small number of participants with this condition. 
The main strengths of this study lie on the comparison of cardiovascular risk profiles between 
Portuguese residents and migrants living in urban environments both in Portugal and Switzerland and 
that most of our comparisons were based on objective standardized and validated measurements of 
some of the most important cardiovascular risk factors. Furthermore, the sensitivity analyses 
performed with the exclusion of migrants living in Switzerland for less than 5 years (Appendix A, 
tables A.1, A.2 and A.3) did not change our main conclusions and allowed us to be more confident 
that the differences found between Portuguese residents and migrants are more likely attributable to 
changes in living environment than to unmeasured individual characteristics associated with 
migration. This study has also several limitations that warrant discussion. Our migrant sample 
represents a broad source population since it includes not only individuals migrating from an urban 
setting, but also from Portuguese rural areas. Also, the fact that the interviews in CoLaus were 
conducted in French might have further selected migrants with adequate knowledge of the language. 
Still, their socio-economic features are in agreement with other studies conducted among 
Portuguese migrants [22]. Finally, the participation rate in the CoLaus study was rather low, though 
similar to other epidemiological studies [31, 32]. Overall, although a selection bias may have 
contributed to the differences found between Portuguese residents and migrants, all our multivariate 
comparisons were adjusted for gender, age and education. Thus we are confident that these 
systematic errors do not significantly challenge our main findings. 
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We conclude that Portuguese living in Lausanne, Switzerland, present a better cardiovascular risk 
profile and tend to be better managed regarding their cardiovascular risk factors than Portuguese 
living in Porto, Portugal. 
AUTHORS’ CONTRIBUTIONS 
PMV made most of the statistical analyses and wrote part of the article; LA made part of the 
statistical analysis and wrote part of the article; AA and HB designed and collected data in the 
EPIPorto study; PV and GW designed and collected data in the CoLaus study; AA, HB, PV and GW 
revised the article for important intellectual content. PMV had full access to the data and is the 
guarantor of the study. 
COMPETING INTERESTS 
PV and GW received an unrestricted grant from GlaxoSmithKline to build the CoLaus study. The 
other authors report no conflict of interest. 
FUNDING 
The EPIPorto study was funded by Fundação para a Ciência e a Tecnologia (Foundation for Science 
and Technology) (PraxisXXI/2/2.1/SAU/1332/95, POCTI/ESP/35769/99). The CoLaus/PsyCoLaus 
study was and is supported by research grants from GlaxoSmithKline, the Faculty of Biology and 
Medicine of Lausanne, Switzerland and three grants of the Swiss National Science Foundation (grants 
(#3200B0–105993, #3200B0-118308, #33CSCO-122661). 
REFERENCE LIST 
[1] United Nations. Dept. of Economic and Social Affairs. Committee for Development Policy. 
International Migrant Stock, the 2008 Revision. 2008. 
[2] McKay L, Macintyre S, Ellaway A. Migration and Health: a review of the International literature. 
Glasgow, Scotland: MRC Social & Public Health Sciences Unit; 2003. 
[3] Stemmermann GN. Patterns of disease among Japanese living in Hawaii. Arch Environ Health. 
1970;20:266-73. 
[4] Beaglehole R, Eyles E, Prior I. Blood pressure and migration in children. Int J Epidemiol. 1979;8:5-
10. 
[5] Pawson IG, Janes C. Biocultural risks in longevity - Samoans in California. Soc Sci Med. 
1982;16:183-90. 
 
120 
[6] Salmond CE, Joseph JG, Prior IAM, Stanley DG, Wessen AF. Longitudinal analysis of the 
relationship between blood-pressure and migration - the Tokelau-Island Migrant Study. Am J 
Epidemiol. 1985;122:291-301. 
[7] Kouris Blazos A, Wahlqvist ML, Trichopoulou A, Polychronopoulos E, Trichopoulos D. Health 
and nutritional status of elderly Greek migrants to Melbourne, Australia. Age Ageing. 1996;25:177-
89. 
[8] Bjerregaard P, Jorgensen ME, Lumholt P, Mosgaard L, Borch-Johnsen K, Study GP. Higher blood 
pressure among Inuit migrants in Denmark than among the Inuit in Greenland. J Epidemiol Commun 
Health. 2002;56:279-84. 
[9] Federal Office of Statistics. Migration and integration – Data, indicators. Neuchâtel, 
Switzerland2013. 
[10] Statistique Lausanne. Données, population: origine. Lausanne, Switzerland2013. 
[11] Marques-Vidal P, Vollenweider P, Waeber G, Paccaud F. Prevalence of overweight and obesity 
among migrants in Switzerland: association with country of origin. Public Health Nutr. 2011;14:1148-
56. 
[12] Marques-Vidal P, Vollenweider P, Waeber G, Paccaud F. The prevalence and management of 
cardiovascular risk factors in immigrant groups in Switzerland. Int J Public Health. 2012;57:63-77. 
[13] Firmann M, Mayor V, Marques-Vidal P, Bochud M, Pecoud A, Hayoz D, et al. The CoLaus study: 
a population-based study to investigate the epidemiology and genetic determinants of cardiovascular 
risk factors and metabolic syndrome. BMC Cardiovasc Disord. 2008;8:6. 
[14] Santos AC, Barros H. Prevalence and determinants of obesity in an urban sample of Portuguese 
adults. Public Health. 2003;117:430-7. 
[15] Ramos E, Lopes C, Barros H. Investigating the effect of nonparticipation using a population-
based case-control study on myocardial infarction. Ann Epidemiol. 2004;14:437-41. 
[16] Perloff D, Grim C, Flack J, Frohlich ED, Hill M, McDonald M, et al. Human blood pressure 
determination by sphygmomanometry. Circulation. 1993;88:2460-70. 
[17] Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of total serum 
cholesterol. Clin Chem. 1974;20:470-5. 
[18] Bucolo G, David H. Quantitative determination of serum triglycerides by the use of enzymes. 
Clin Chem. 1973;19:476-82. 
 
121 
[19] Warnick GR, Albers JJ. A comprehensive evaluation of the heparin-manganese precipitation 
procedure for estimating high density lipoprotein cholesterol. J Lipid Res. 1978;19:65-76. 
[20] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 
1972;18:499-502. 
[21] Lean ME, Han TS, Morrison CE. Waist circumference as a measure for indicating need for 
weight management. BMJ. 1995;311:158-61. 
[22] Fibbi R, Bolzman C, Fernandez A, Gomensoro A, Kaya B, Maire C, et al. Les Portugais en Suisse. 
In: (ODM) Ofdm, editor. Bern-Wabern, Switzerland2010. p. 114. 
[23] Taxa de desemprego: total e por nível de escolaridade completo (%). In: PORDATA, editor. 
Portugal. 
[24] Marques-Vidal P, Paccaud F, Ravasco P. Underdiagnosed and undertreated: obesity in the 
portuguese population. Arch Intern Med. 2011;171:1511-2. 
[25] Polonia J, Maldonado J, Ramos R, Bertoquini S, Duro M, Almeida C, et al. Estimation of salt 
intake by urinary sodium excretion in a Portuguese adult population and its relationship to arterial 
stiffness. Rev Port Cardiol. 2006;25:801-17. 
[26] Bochud M, Marques-Vidal P, Burnier M, Paccaud F. [Population reduction of salt consumption: 
opportunities, impact and strategies]. Rev Med Suisse. 2012;8:1443-7. 
[27] Bibbins-Domingo K, Chertow GM, Coxson PG, Moran A, Lightwood JM, Pletcher MJ, et al. 
Projected effect of dietary salt reductions on future cardiovascular disease. N Engl J Med. 
2010;362:590-9. 
[28] He FJ, MacGregor GA. Effect of longer-term modest salt reduction on blood pressure. 
Cochrane Database Syst Rev. 2004:CD004937. 
[29] Danon-Hersch N, Marques-Vidal P, Bovet P, Chiolero A, Paccaud F, Pecoud A, et al. Prevalence, 
awareness, treatment and control of high blood pressure in a Swiss city general population: the 
CoLaus study. Eur J Cardiovasc Prev Rehabil. 2009;16:66-72. 
[30] Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 
2030. Diabetes Res Clin Pract. 2010;87:4-14. 
 
122 
[31] Tolonen H, Koponen P, Aromaa A, Conti S, Graff-Iversen S, Grøtvedt L, et al. Review of health 
examination surveys in Europe. Helsinki, Finland: National Public Health Institute (KTL); 2008. p. 1-
379. 
[32] Wolf HK, Kuulasmaa K, Tolonen H, Ruokokoski E. Participation rates, quality of sampling frames 
and sampling fractions in the MONICA surveys. Helsinki, Finland: WHO MONICA; 1998. 
  
 
123 
Table 1: characteristics of Portuguese according to place of living. 
 Porto Lausanne p-value 
Sample size 1550 388  
Women (%) 972 (62.7) 175 (45.1) <0.001 
Age (years) 50.8 ± 8.2 44.2 ± 5.7 <0.001 
Educational level    
Elementary 704 (45.5) 348 (89.9)  
Secondary 443 (28.6) 32 (8.3) <0.001 
University 401 (25.9) 7 (1.8)  
Results are expressed as number of participants (percentage) or as mean ± standard deviation. 
Statistical analysis by chi-square test or Student’s t-test. 
  
 
124 
Table 2: prevalence and management of cardiovascular risk factors according to place of living. 
 Porto Lausanne p-value 
Current smoking (%) 391 (25.5) 110 (28.4) 0.25 
BMI (kg/m2) 27.2 ± 4.7 26.7 ± 4.0 0.06 
BMI categories (%)    
Normal 533 (34.9) 148 (38.1)  
Overweight 636 (41.7) 166 (42.8) 0.16 
Obese 358 (23.4) 74 (19.1)  
Waist (cm)    
Men 94.0 ± 9.8 93.9 ± 9.0 0.91 
Women 86.4 ± 12.5 82.8 ± 11.1 <0.001 
Abdominal obesity (%)    
Men 95 (16.6) 31 (14.6) 0.49 
Women 380 (39.6) 50 (28.6) <0.01 
Blood pressure    
SBP (mm Hg) 133 ± 21 125 ± 15 <0.001 
DBP (mm Hg) 83 ± 12 80 ± 10 <0.001 
Hypertension (%) 613 (39.6) 91 (23.5) <0.001 
Treated (%) 320 (52.2) 33 (36.3) <0.01 
Controlled (%) 107 (33.4) 12 (36.4) 0.74 
Blood lipids    
Total cholesterol (mmol/L) 5.75 ± 1.18 5.54 ± 1.16 <0.01 
HDL cholesterol (mmol/L) 1.44 ± 0.39 1.51 ± 0.38 <0.01 
LDL cholesterol (mmol/L) 3.68 ± 1.07 3.37 ± 1.03 <0.001 
Triglycerides (mmol/L) 1.40 ± 0.89 1.59 ± 2.04 0.92 a 
Hypercholesterolemia (%) 1119 (72.2) 228 (58.8) <0.001 
Treated (%) 128 (11.4) 26 (11.4) 0.99 
Controlled (%) 35 (27.3) 16 (61.5) <0.001 
Glycemic status    
Glucose (mmol/L) 5.34 ± 1.63 5.50 ± 0.89 0.07 
Diabetes (%) 93 (6.0) 15 (3.9) 0.10 
Treated (%) 64 (68.8) 11 (73.3) 1.00 b 
Results are expressed as mean ± SD or as number of participants and (percentage). BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure. a, using log-transformed data. 
Statistical analysis by Student’s t-test, chi-square test or Fisher’s exact test (b) 
 
125 
Table 3: multivariate adjusted levels of cardiovascular risk factors according to place of living. 
 Porto Lausanne p-value Adjusting for gender, age, educational level and 
Anthropometry     
BMI (kg/m2) 27.3 ± 0.1 26.2 ± 0.3 <0.001 Smoking 
Waist (men) 93.8 ± 0.4 94.6 ± 0.8 0.38 Smoking 
Waist (women) 86.3 ± 0.4 82.8 ± 1.0 <0.001 Smoking 
Blood pressure     
SBP (mm Hg) 132 ± 1 129 ± 1 <0.01 Obesity; abdominal obesity; antihypertensive treatment 
DBP (mm Hg) 83 ± 1 81 ± 1 <0.001 Obesity; abdominal obesity; antihypertensive treatment 
Blood lipids     
Total cholesterol (mmol/L) 5.73 ± 0.03 5.62 ± 0.07 0.16 Obesity; abdominal obesity; hypolipidemic treatment 
HDL cholesterol (mmol/L) 1.43 ± 0.01 1.55 ± 0.02 <0.001 Obesity; abdominal obesity; hypolipidemic treatment 
LDL cholesterol (mmol/L) 3.67 ± 0.03 3.43 ± 0.06 <0.001 Obesity; abdominal obesity; hypolipidemic treatment 
Triglycerides (mmol/L) 1.42 ± 0.03 1.53 ± 0.07 0.78 a Obesity; abdominal obesity; hypolipidemic treatment 
Glycemic status     
Glucose (mmol/L) 5.33 ± 0.03 5.50 ± 0.07 <0.05 Obesity; abdominal obesity; antidiabetic treatment 
Results are expressed as adjusted mean ± standard error. a, using log-transformed data. Statistical analysis by analysis of variance adjusting for gender, age, 
educational level and other covariates as indicated. 
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Table 4: multivariate analysis of prevalence and management of cardiovascular risk factors in 
Portuguese migrants relative to Portuguese who remained in Portugal. 
 
Odds ratio 
p-value Adjusting for gender, age, 
educational level and 
Current smoking 0.84 (0.62 - 1.14) 0.26 None 
Anthropometry    
Obesity 0.71 (0.51 - 0.99) <0.05 Smoking 
Abdominal obesity 0.71 (0.52 - 0.98) <0.05 Smoking 
Blood pressure    
Hypertension 0.72 (0.53 - 0.99) <0.05 Obesity; abdominal obesity 
Treated 1.04 (0.61 - 1.76) 0.90 Obesity; abdominal obesity 
Controlled 0.95 (0.40 - 2.22) 0.90 Obesity; abdominal obesity 
Blood lipids    
Hypercholesterolemia 0.71 (0.54 - 0.94) <0.05 Obesity; abdominal obesity 
Treated 2.13 (1.21 - 3.75) <0.01 Obesity; abdominal obesity 
Controlled 10.6 (2.91 - 38.9) <0.001 Obesity; abdominal obesity 
Glycemic status    
Diabetes 0.91 (0.47 - 1.76) 0.78 Obesity; abdominal obesity 
Treated 4.12 (0.90 - 18.9) 0.07 Obesity; abdominal obesity 
Results are expressed as Odds ratio and (95% confidence interval) of Portuguese migrants versus 
Portuguese who remained in Portugal. Statistical analysis by logistic regression adjusting for gender, 
age, educational level and other covariates as indicated. 
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3.6 PAPER 6: INEQUALITIES IN OBESITY IN PORTUGAL: REGIONAL AND GENDER 
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ABSTRACT 
Objective: We estimated the prevalence of obesity by education and occupation categories across 
seven economic regions in Portugal. Additionally, we examined regional variations in relative and 
absolute inequalities in obesity. 
Methods: Self-reported data from 26,674 subjects (46.6% women) of the Portuguese Health Survey 
conducted in 2005/6. Education was grouped as ≤4, 5-11 and ≥12 complete years of education. 
Occupations were classified as upper white collar, lower white collar and blue collar. Obesity was 
defined by a body mass index ≥30kg/m2. We estimated the age-standardized prevalence of obesity 
across educational/occupational categories by economic region (North, Centre, Lisbon, Alentejo, 
Algarve, Azores and Madeira). The Relative Index of Inequality (RII) and the Slope Index of Inequality 
(SII) were used to quantify relative and absolute educational inequalities in obesity, respectively. 
Results: The prevalence of obesity varied across regions and increased with decreasing levels of 
education and occupation among women only; the magnitude of these differences varied across 
regions. The educational RII (95%CI) and SII (95%CI) ranged from 2.4 (1.1 to 5.1) and 9.7 (-1.3 to 
20.7) in the Centre region to 6.6 (3.0 to 14.2) and 33.0 (26.0 to 40.0) in Alentejo, respectively. 
Among men, no clear graded pattern was observed, although obesity was generally more common in 
lower educational and occupational groups. 
Conclusion: In Portugal, we observed clear educational/occupational inequalities in obesity only 
among women. Regional variations in educational inequalities among women were large, suggesting 
that the design of policies aimed to reduce inequalities in obesity should account for regional 
specificities.  
 
Keywords: education, socioeconomic position, obesity, Portugal, regional differences 
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INTRODUCTION 
Obesity is an important public health problem (1). The serious health, social and economic 
consequences of obesity led the World Health Organization to develop a global strategy on diet, 
physical activity and health (2). Portugal is a southern European country with a high and growing 
prevalence of obesity (3-5). In 2005, the prevalence of this condition in the adult Portuguese 
population was 16.0% among women and 14.3% among men. However, the increase in the age-
standardized prevalence of obesity differed across geographical regions of the country: between 1999 
and 2005, the largest absolute increases occurred in the North (+4.7%) and Lisbon regions (+4.6%), 
whereas these variations were smaller in the Centre (+2.2%) and Alentejo regions (+2.6%) (6).  
Obesity is also unevenly distributed across societal groups. In high income countries, obesity is 
commonly found to be more prevalent among people at lower socioeconomic position (SEP) when 
compared to their better off counterparts (7). Although many studies have assessed inequalities in 
obesity using regional or national population samples (8-11), fewer have addressed regional variations 
in inequalities within the same country (12). If regional heterogeneity in inequalities is found, the 
study of its determinants could provide additional information on the mechanisms underlying these 
inequalities. Furthermore, gathering information on inequalities at an administrative geographical level 
may both support and facilitate the planning and implementation of policies aiming to decrease health 
disparities. 
Using data from the 2005/6 National Health Survey, we aimed to estimate and compare the 
prevalence of obesity by category of education and occupation, two indicators of SEP (13) which 
likely reflect different dimensions of socioeconomic stratification, across the seven economic regions 
in Portugal. Additionally, we examined geographical variations in relative and absolute inequalities in 
obesity using the Relative and Slope Indexes of Inequality.  
METHODS 
Study sample 
Data from the last available Portuguese Health Survey was provided by Statistics Portugal upon 
request. The 4th National Health Survey was a cross-sectional nationwide population-based survey 
conducted between February 2005 and January 2006; its methodology has been described previously 
(6, 14). The survey was carried out in compliance with the Helsinki Declaration. Trained interviewers 
collected data according to a standardized protocol in computer-assisted face-to-face interviews. 
Participation rate (percentage of households who responded) was 76%. The final number of 
interviews was 41,193.  
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For the current analyses, participants aged ≥20 years that reported a principal occupation not related 
to the army, and whose employment status over the previous two weeks was active worker, 
unemployed or retired were considered eligible (n=27,212). We excluded subjects with missing 
information on education, occupation and self-reported height/weight (n=538, corresponding to 2.0% 
of the eligible sample), leaving a final sample size of 26,674 (46.6% women). 
Variables definition 
For administrative purposes, seven distinct regions, five in mainland Portugal (North, Centre, Lisbon, 
Alentejo and Algarve) and two autonomous regions (Azores and Madeira) were used (Figure 1). 
These regions correspond to the second level of the hierarchical system for dividing the economic 
territory of the European Union, e.g. the Nomenclature of Units for Territorial Statistics (NUT) (15).  
Age was categorized as 20-39, 40-59 and 60 years or more. Education was assessed as the number of 
school years completed and categorized as less than 5 years, 5-11 years and 12 years or more. 
Occupation was assessed with the question “What is (was) your main job?” and  categorized in three 
groups: upper white collar (executive civil servants, industrial directors, scientists, middle 
management and technicians), lower white collar (administrative and related workers, service and 
sales workers) and blue collar (farmers, skilled and unskilled workers, craftsmen, machine operator 
and assembly workers) (16).  
Height and weight were self-reported. Body mass index (BMI) was calculated as the ratio between 
weight in kilograms and the square of height in meters. Obesity was defined by a BMI ≥30kg/m2 (17). 
Statistical analysis 
Statistical analyses were performed using STATA version 12.0 (StataCorp LP, College Station, Texas, 
USA). All analyses were stratified by gender. Frequency weights were used in the calculation of 
proportions in order to obtain estimates representative of the Portuguese population of 2005 (6). 
The age, education and occupation distributions of respondents were compared across economic 
regions using Pearson chi-square tests. 
For the whole country and for each region, the gender-specific weighted prevalence of obesity in 
each category of education and occupation was standardized using decennial age-categories of the 
European standard population. Weighted logistic regression models were used to grade differences 
in the prevalence of obesity across educational and occupational groups within each region, using 
obesity as outcome and SEP as a continuous variable, adjusting for age. 
We then estimated the educational Relative Index of Inequality (RII) and the Slope Index of Inequality 
(SII). This applied to education only because the Portuguese National Classification of Occupations is 
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not strictly hierarchical; moreover, this analysis was restricted to women because SEP gradients in 
obesity were not clearly observable among men. Both indexes are summary measures recommended 
when comparing populations (18). Instead of comparing the two most extreme SEP groups, these 
measures take into account both the size and relative position of each group in the respective SEP 
hierarchy.  In the present study, education was transformed into a summary measure ranging from 
zero (highest level of education) to one (lowest level of education). The population in each 
educational category was assigned a score corresponding to the midpoint of the relative position of 
their category in the cumulative population distribution (19). For example, if the category with the 
highest level of education included 10% of the population, the range of the individuals in this category 
would be from 0 to 0.10, giving a mid-point of 0.05, which would be the value assigned to this 
category; if the next higher level of education category included 20% of the population, its range is 
from 0.1 to 0.3, thus it would be assigned a value of 0.20, and so on (20). The age-adjusted 
association between obesity prevalence and the resulting score was then assessed by multivariate 
regression; as logistic regression models may produce biased estimates when the prevalence of the 
outcome is relatively high, we used log-binomial regression models (21). Specifically, we used 
generalized linear models with a logarithmic link function to estimate RIIs and with an identity link 
function to estimate SIIs, each with the respective 95% confidence intervals (95%CI), as previously 
proposed (22). The RII can be interpreted as the prevalence ratio and the SII can be interpreted as 
the prevalence difference between the extremes of the educational hierarchy.  
RESULTS 
Education and occupation 
The distribution by age, educational and occupational groups according to gender and region is 
summarized in table 1. Approximately half of Portuguese women were in the lowest educational 
(45.3%) and occupational (47.9%) groups. Similarly, half of Portuguese men had a low education 
(44.5%), but relatively more declared a blue collar occupation (60.0%). 
Overall, there were large regional differences in the proportion of men and women with a low 
educational or occupational level. For example, about 30% of women had a low educational level in 
the Azores vs. more than 50% in Alentejo and about one third of men had a low educational level in 
Lisbon vs. half in Alentejo. Similarly, about 30% of women reported a blue collar occupation in 
Azores vs. more than 50% in Alentejo and more than 50% of men had a blue collar occupation in 
Lisbon vs. almost 70% in Alentejo. Regional heterogeneity in the age composition might explain part 
of the differences in the distribution of educational and occupational categories, since people were 
younger in Azores and older in Alentejo. 
Obesity prevalence 
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Table 2 presents the gender-specific age-standardized weighted prevalence of obesity according to 
educational or occupational groups.  
Among women, there were large differences in the prevalence of obesity across regions, ranging 
from 10.0% in Algarve to 20.3% in the Azores. Among men, smaller differences were observed, with 
the prevalence of obesity ranging from 13.3% in Algarve to 16.4% in Lisbon. 
Among women, the prevalence of obesity increased with decreasing level of education and 
occupation in every region. Among men, no clear graded pattern was observed, although obesity was 
generally more common in lower educational and occupational groups across regions.  
Relative and absolute educational inequalities in obesity 
As no difference in the prevalence of obesity was found between educational groups in men, analyses 
of relative and absolute educational inequalities in obesity were conducted among women only. 
The quantification of educational inequalities in obesity among women across economic regions is 
presented in Table 3. Overall, Portuguese women at the bottom of the educational hierarchy were 
over three times more likely to be obese than their most educated counterparts, RII (95%CI) = 3.4 
(2.3 to 4.9). We observed large regional variations in relative inequalities, ranging from 2.4 (1.1 to 
5.1, RII and 95%) in the Centre region to 6.6 (3.0 to 14.2) in Alentejo. 
Absolute differences in the prevalence of obesity were large in the whole country, SII (95%) = 17.3 
(11.7 to 22.8), and ranged between 9.7 (-1.3 to 20.7) in the Centre region and 33.0 (26.0 to 40.0) in 
Alentejo. 
DISCUSSION 
In this study, we evaluated educational and occupational inequalities in the prevalence of obesity 
across seven economic regions of Portugal. Whereas the prevalence of obesity varied substantially 
across regions among women, no important variation was observed among men. Among women, the 
prevalence of obesity increased with decreasing levels of education and occupation in a dose-
response manner, although the magnitude of this association varied across regions. Among men, no 
clear graded pattern was observed, although obesity was generally more common among people 
with a low educational or occupational level in all regions. To our knowledge, this is the first 
description of regional variations in relative and absolute socioeconomic inequalities in obesity 
performed in Portugal.  
Among women, the largest relative and absolute educational inequalities in obesity were found in 
Alentejo. These results are grounded on a relatively high prevalence of obesity among the least 
educated women (24.5%), but especially on a particularly low prevalence of this condition among 
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their most educated counterparts (6%). Also, since the calculation of RII or SII also takes into 
account the cumulative distribution of educational attainment, the fact that more than half of women 
had 5 years or less of education further contributed to the large inequalities found. As an economic 
region, Alentejo has some particularities that could explain these results. This region is highly rural, 
with a low population density, a relatively low gross domestic product and the highest 
unemployment rate of all regions analyzed. In order to assess whether the magnitude of relative or 
absolute inequalities varied after taking into account these characteristics, we computed the RII and 
SII for Portugal adjusting for the regional percentage of the population living in an urban setting, the 
regional gross domestic product, and the regional unemployment rate (Supplementary table 1). The 
reason we analyzed the effect of these adjustments at a country level relates with the non-variability 
on the chosen adjustment variables at economic region level. This means we assumed that any 
variations on the magnitude of inequalities at the country level would imply an impact of these 
variables at level of economic regions themselves. Yet, no important changes in the estimates for 
these indexes were found. As such, we conclude that the regional heterogeneity of inequalities in 
obesity is being driven by different unmeasured factors and that further studies are needed to fully 
explore this issue. 
Importantly, the regional differences in educational inequalities across regions were similar to those 
observed between countries. Specifically, in a previous study that compared educational inequalities 
in self-reported obesity across European countries, the RIIs among women varied from 1.5 in Latvia 
to 6.78 in Portugal (23). In the current study, the RIIs varied from 2.4 in the Centre region to 6.6 in 
Alentejo. This finding is relevant since it shows that the direct evaluation of inequalities at the 
country level may hide important within-country variations. We therefore advise that the 
implementation of national policies aimed to reduce inequalities in health outcomes should likely be 
tailored to meet the regional specificities within each country. 
The association between SEP and obesity might result from several relationships: a) a causal relation 
between high SEP and lower prevalence of obesity; b) a reverse relation indicating that obesity leads 
to lower SEP and c) no causal effect, with the observed association being explained by unobserved 
factors related to both obesity and SEP (24). For instance, Cutler and Lleras-Muney argue that a 
disadvantaged health status in childhood leads to lower levels of education which, in turn, lead to 
disadvantaged health status in adulthood. Factors like family or genetic background are other 
examples of plausible unobserved factors that might explain the relationship between education and 
obesity (25). Still, although the causal nature of the link between education and obesity has not been 
definitely proven, most of the effect of education on obesity seems to be direct (26). Its protective 
effect is likely related to a greater access and ability to manage health-related information, to a 
greater perception of the risks of certain lifestyle choices and improved self-control, consistency of 
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preferences over time and self-esteem (24, 27). Although our results point in same direction, the 
cross-sectional nature of the current analysis limits our ability to address the issue of causality.  
We observed larger relative and absolute educational and occupational inequalities in women than in 
men. This finding is consistent with previous reports (11, 28, 29). Gender differences in physical 
activity patterns in the most disadvantaged socioeconomic groups may help explain these differences 
as unskilled jobs, in which typically men engage more frequently, tend to be more physically 
demanding. Still, non-behavioral factors may also play a role. For example, lower SEP women seem to 
be more vulnerable than men to unfavorable psychosocial and material exposures over the lifecourse 
(30, 31), which might influence adiposity through disturbances in physiological stress systems (32, 
33). Further, within the same SEP, women tend to get lower wages than men, which could amplify 
these mechanisms (34). Conversely, gender differences may be partly explained by a reverse 
causation mechanism. Overweight during adolescence and early adulthood may lead to more severe 
socioeconomic consequences among women than among men. For instance, compared to men, 
women who had been overweight have been reported to complete fewer years of school, have 
lower wages and higher rates of household poverty (35, 36). The implications of the gender 
differences in socioeconomic gradients are potentially large. As women belonging to disadvantaged 
socioeconomic groups are more likely to be obese, it is plausible that they are also more likely to 
give birth and raise children who will themselves become obese (37). These children may perpetuate 
the socioeconomic gap in obesity since they will have fewer chances of upwards social mobility (38). 
The intergenerational transmission of obesity is plausibly modifiable if we are able to decrease the 
prevalence of obesity among women. Furthermore, actions targeting the vulnerability to obesity of 
the low SEP groups will not only decrease inequalities per se, but will also potentially prevent part of 
the morbidity, mortality and economic burden associated with this condition.  
Strengths and limitations 
This study used the most recently available nationally representative sample of the Portuguese 
population. This allowed us to provide an updated picture of educational and occupational 
inequalities in obesity in Portugal. Also, to our knowledge, this is one of the first studies to quantify 
regional variations in educational inequalities within the same country. However, some 
methodological limitations warrant discussion. First, the exclusive use of self-reported data may have 
biased our results. In Portugal, the estimates of mean self-reported BMI and prevalence of obesity in 
the general population have been reported to be lower than those obtained by physical 
measurements by 0.5kg/m2 and 2.7%, respectively (39). Furthermore, if the magnitude of the 
misclassification varied according to the educational category, a systematic error in our inequalities 
estimates might have occurred. In a previous study of urban Portuguese adults, the magnitude of the 
overestimation of height in women was smaller among those with the highest level of education. If 
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the same applies to the current study, the RII and SII among women might to some extent be 
underestimated.  
In conclusion, educational inequalities in obesity remain large in Portugal and their magnitude and 
consistency was larger in women than in men, which might have important long-term implications on 
the perpetuation of the socioeconomic gap. We also observed that regional variations in educational 
inequalities among women that were comparable in magnitude to previously reported between-
country differences. The results of this study suggest that the design of national policies aimed to 
reduce inequalities in obesity should account for regional specificities.  
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Table 1: Distribution of age, educational and occupational groups, stratified by gender and region, Portuguese health survey 2005-6. 
Women North Centre Lisbon Alentejo Algarve Azores Madeira p-value Portugal 
Age (years)          
20 to 39 41.0 34.0 37.0 29.1 36.8 52.0 44.7  37.8 
40 to 59 33.1 33.2 34.6 31.1 33.8 33.3 31.9 <0.001 33.6 
60 or more 26.0 32.8 28.4 39.8 29.4 14.7 23.4  28.6 
Education (completed years)          
Less than 5 48.5 50.9 39.2 54.9 43.7 31.3 40.9  45.3 
5 to 11 39.8 33.4 44.5 33.2 45.1 52.5 44.6 <0.001 40.6 
12 or more 11.7 15.7 16.3 11.9 11.2 16.3 14.5  14.1 
Occupation (NCO-94)          
Blue collar 56.6 54.0 37.8 53.5 38.6 31.7 44.0  47.9 
Lower white collar 27.7 26.0 39.9 27.9 43.8 47.0 37.0 <0.001 32.9 
Upper white collar 15.7 20.0 22.4 18.6 17.7 21.3 19.0  19.2 
Men          
Age (years)          
20 to 39 39.5 34.3 36.9 31.4 35.4 44.5 46.7  37.4 
40 to 59 37.0 35.6 35.7 33.9 35.4 35.9 34.4 <0.001 36.0 
60 or more 23.6 30.1 27.4 34.6 29.2 19.6 18.9  26.6 
Education (completed years)          
Less than 5 48.4 48.6 36.5 53.3 45.2 46.8 50.4  44.5 
5 to 11 44.9 39.9 48.0 39.7 47.0 47.4 43.2 <0.001 45.0 
12 or more 6.7 11.5 15.5 7.0 7.8 5.9 6.4  10.6 
Occupation (NCO-94)          
Blue collar 65.7 62.1 51.7 67.7 58.2 67.1 63.9  60.0 
Lower white collar 14.3 15.7 17.5 16.1 20.1 18.2 20.6 <0.001 16.2 
Upper white collar 20.0 22.3 30.8 16.2 21.7 14.7 15.5  23.8 
Results are expressed as percentages calculated according to sampling weights. Statistical analysis by Pearson chi-square tests. 
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Table 2: Age-standardized prevalence of obesity according to educational and occupational groups, by gender and region 
 North Centre Lisbon Alentejo Algarve Azores Madeira Portugal 
Women         
Overall prevalence 15.8 13.5 17.5 17.6 10.0 20.3 14.2 15.9 
Education (completed 
years) 
        
Less than 5 19.7 13.6 26.3 24.5 12.8 25.5 12.2 20.9 
5 to 11 11.0 7.7 11.6 12.6 10.7 14.4 10.9 11.2 
12 or more 4.1 9.3 13.2 6.0 4.8 10.6 9.1 9.6 
   p-value a) <0.001 <0.05 <0.001 <0.001 0.01 0.001 0.054 <0.001 
Occupation         
Blue collar 17.4 16.1 23.2 23.7 12.7 28.5 15.4 19.1 
Lower white collar 16.0 11.3 16.4 15.0 10.3 19.9 12.8 15.2 
Upper white collar 10.4 11.0 9.9 13.1 6.1 11.3 7.4 10.1 
   p-value a) 0.01 0.058 <0.001 <0.01 <0.05 0.001 <0.05 <0.001 
Men         
Overall prevalence 15.6 13.4 16.4 13.6 13.3 15.5 14.4 15.2 
Education (completed 
years) 
        
Less than 5 17.1 15.8 16.0 17.2 14.8 15.2 12.2 16.1 
5 to 11 14.9 11.1 14.0 12.4 13.0 16.8 16.0 13.6 
12 or more 16.6 8.3 14.6 14.3 9.4 14.1 5.9 13.3 
   p-value a) 0.77 0.04 0.09 0.78 0.09 0.96 0.76 0.11 
Occupation         
Blue collar 16.1 12.5 17.2 12.9 12.6 15.9 15.4 15.4 
Lower white collar 15.3 15.6 15.7 14.1 15.3 15.7 14.3 15.3 
Upper white collar 14.2 14.3 15.5 14.9 12.6 14.5 9.6 14.6 
   p-value a) 0.53 0.58 0.53 0.45 0.80 0.69 0.057 0.57 
Results are expressed as percentages calculated according to sampling weights and age-standardized (European standard population) 
a) P-values for trend across socioeconomic categories
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Table 3: Relative and absolute educational inequalities across economic regions in Portugal (women). 
 North Center Lisbon Alentejo Algarve Azores Madeira All country 
RII 
(95% CI) 
3.5 
(1.7 to 7.3) 
2.4 
(1.1 to 5.1) 
3.9 
(2.0 to 7.7) 
6.6 
(3.0 to 14.2) 
3.0 
(1.2 to 7.7) 
3.4 
(1.6 to 7.4) 
3.0 
(1.0 to 8.6) 
3.4 
(2.3 to 4.9) 
SII 
(95%CI) 
21.0 
(10.0 to 32.1) 
9.7 
(-1.3 to 20.7) 
20.1 
(10.3 to 30.0) 
33.0 
(26.0 to 40.0) 
13.4 
(7.0 to 19.9) 
15.5 
(3.5 to 27.4) 
15.3 
(4.0 to 26.5) 
17.3 
(11.7 to 22.8) 
95%CI, 95% confidence interval; RII, relative index of inequality; SII, slope index of inequality. 
RIIs and SIIs can be interpreted as the prevalence ratio or difference in obesity between the extremes of the educational distribution, respectively. 
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Supplementary Table 1: Relative and absolute educational inequalities in Portugal (women). 
 Model 1 Model 2 Model 3 Model 4 Model 5 
RII 
(95% CI) 
3.4 
(2.3 to 4.9) 
3.6 
(2.5 to 5.3) 
3.6 
(2.4 to 5.2) 
3.5 
(2.4 to 5.1) 
3.6 
(2.5 to 5.3) 
SII 
(95%CI) 
17.3 
(11.7 to 22.8) 
17.9 
(12.5 to 23.3) 
17.4 
(12.0 to 22.7) 
17.4 
(12.2 to 22.6) 
17.8 
(12.4 to 23.1) 
95%CI, 95% confidence interval; RII, relative index of inequality; SII, slope index of inequality. 
RIIs and SIIs can be interpreted as the prevalence ratio or difference in obesity between the extremes of the educational distribution, respectively. 
Model 1: Adjusted for age 
Model 2: Adjusted for age and Gross Domestic Product 
Model 3: Adjusted for age and percent urban 
Model 4: Adjusted for age and unemployment 
Model 5: Adjusted for age, Gross Domestic Product, percent urban and unemployment 
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Figure 1: The seven economic regions in Portugal 
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4. DISCUSSION 
Inequalities in health are pervasive in Portugal. Throughout this thesis, we reported systematic 
differences in several different and complementary determinants of CVD across some of the most 
important socioeconomic dimensions that stratify populations. 
As presented in the section devoted to justice and health in the introduction chapter, the notion of 
inequalities not only varies throughout time, but also across settings. We discussed the difference 
between the concepts of “inequality” and “inequity” and distinguished between three types of 
inequalities depending on their focus on individuals, on the population groups to which individuals 
belong or on the unequal societal structures of which groups are part. During the preparation of the 
six papers that compose this thesis, we came across several examples of all these three forms of 
inequalities, even though not all of them were reported in the papers. Since our main focus was the 
discussion of health differences between socioeconomic groups, we understandably gave preference 
to the reporting of the third type of inequalities.  
Among many other examples, the distributions of individual 10-year risk of death from CVD needed 
to define dyslipidemia in Paper 1 provide an interesting illustration of individual, or pure, inequalities. 
The highly skewed distribution of cardiovascular risk shows that the vast majority of individuals have 
a small 10-year risk of fatal cardiovascular events. Other examples would be the distributions of body 
mass index, systolic or diastolic blood pressure, or serum cholesterol or glucose levels. Even though 
these distributions are informative per se, they hide important structural socioeconomic inequalities, 
as became clear as we deepened our analyses by including SEP-indicators. For instance, the simple 
gender stratification of the 10-year risk of fatal cardiovascular events demonstrates that the median 
risk is three times higher in men than in women.  
We also frequently found examples of the second type of inequalities. These display the differences 
in the studied outcomes across population groups defined by constructs other than broad social 
divisions. A common example is the distribution of outcomes across age groups. For instance, in 
Paper 2, older subjects tended to present a higher prevalence of hypertension, abdominal obesity or 
depression and a lower prevalence of smoking. Yet, the fact that health is generally poorer among 
elderly individuals compared to their young counterparts is unlikely to be judged as unfair or unjust.  
The third type of inequality was the main focus of this work. In the following part of this discussion, 
we integrate these socially structured health differences according to one main axis, by exploring 
how cardiovascular health is determined by socioeconomic factors in a proximal-to-distal direction 
considering the individual person as the starting point. This discussion is then finished with a general 
discussion of the methodological strengths and weaknesses of this thesis. 
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4.1 FROM PROXIMAL TO DISTAL INEQUALITIES 
4.1.1 GENDER, EDUCATION AND OCCUPATION 
One of the proximal socioeconomic dimensions studied throughout this thesis was gender. In Paper 
1, although we did not find gender differences in the prevalence of hypercholesterolemia, eligibility 
for lipid lowering therapy was more common in men. Conversely, treatment success was more 
frequent in women. In Paper 2, we found that, with the exception of abdominal obesity and 
depression, the prevalence of all other cardiovascular risk factors was higher in men than in women. 
In Paper 3, whereas the mean intake of fruits and vegetables was higher in women, leisure-time 
physical activity levels were higher in men.  
From a sociological perspective, the concept of gender depends on mutable contextual cultural and 
ideological constructs. What are considered to be adequate feminine or masculine characteristics 
tend to be consensual within societies. In contemporary western societies, in contrast with 
femininity, hegemonic masculinity is still frequently linked to potentially harmful health-related beliefs. 
Also, men tend to experience comparatively greater peer pressure to endorse corresponding 
behaviors. Generally, in supporting hegemonic gender ideals with health behaviors, men tend to 
reproduce cultural beliefs related to strength and invulnerability, whereas women tend to endorse 
the promotion of healthy lifestyles. Whereas the higher level of metabolic control found among 
hypercholesterolemic women reported in Paper 1 might translate higher treatment adherence rates 
and a higher degree of concern with health issues themselves, the higher prevalence of most 
cardiovascular risk factors among males found in Paper 2 is clearly dependent on the adoption of 
unhealthy lifestyles. Both findings are in agreement with this sociological view. 
In a different perspective, we also found gender heterogeneity in the strength of the associations 
between the studied outcomes and education or occupation, the other important proximal SEP 
indicators assessed throughout this thesis. In Paper 2, particularly among women, we found striking 
evidence of socioeconomic patterning of most of the most important cardiovascular risk factors. 
Specifically, Portuguese women with lower educational levels had a graded higher likelihood of being 
diabetic, having abdominal obesity, and of consuming less than 5 daily portions of fruits or vegetables. 
Although a prevalence gradient was not evident, hypertension, hypercholesterolemia, sedentariness, 
excessive alcohol intake and depression were all more common among less educated women. The 
results of Paper 6 also confirmed this tendency, with obesity being consistently more prevalent with 
decreasing levels of education in the overall female Portuguese population and across all of the 
studied economic regions. The only exception in the directionality of these associations was smoking 
that was more prevalent among the most educated women, although it still remained strongly 
associated with this socioeconomic indicator. Among men, in Paper 2, social gradients were less 
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clear. Still, the prevalence of diabetes mellitus, excessive alcohol intake and depression still increased 
with decreasing levels of education in a graded fashion. Low daily fruit and vegetable intake was more 
prevalent among the least educated men, although a graded association was not found. On the other 
hand, hypertension, hypercholesterolemia, abdominal obesity, sedentariness, smoking and depression 
were not clearly associated with education. 
The clearer gradients observed in women imply that the adoption of particular health behaviors is 
more dependent on material and symbolic conditions. Regarding smoking, the social meanings 
attached to this habit might symbolize higher position for women. In a population perspective, this 
finding reflected Portugal’s position in the smoking epidemic at the time of data collection, although 
results from the 2005/6 National Health Survey point to a decreasing impact of higher social position 
on smoking among females. One exception to the lack consistent social gradients among men was 
found for alcohol consumption, which had a clear inverse and graded association with both education 
and occupation. These results probably reproduce contextual beliefs of strong, invulnerable 
manhood and also greater peer pressure among those less advantaged in the social structure. The 
apparent contradiction on the directionality of social gradients in smoking among women and in 
alcohol intake among men must reflect the different mechanisms underlying the associations between 
SEP and specific risk factors in a given context and secular time frame. People can change their 
‘‘gender’s repertoire’’ on health and illness narratives in order to maintain social distinction or 
authority, particularly in domains where conventional gender roles are threatened.  
The specific Portuguese sociological context should also be considered in the discussion of gender 
differences in health outcomes. The progressive elevation of the social and economic status of 
women in Portugal is a relatively recent phenomenon. Over the last 50 years, women ceased to be a 
small minority in the Portuguese universities to become more common than men. In the same 
period, the proportion of active women increased enormously and approached the male activity 
rates, which contributed to the gender convergence of professional and family roles. These rapid 
changes cannot be dissociated from the gendered patterns we observed throughout this thesis. 
4.1.2 NEIGHBORHOOD DEPRIVATION 
Neighborhood deprivation sits as an intermediate exposure in the centrifugal perspective in which 
we wished to outline the discussion of this thesis, between the individual SEP indicators already 
discussed and the most distal socioeconomic phenomena. In Paper 3, we found that neighborhood 
clustering in fruits and vegetables consumption and leisure-time physical activity was only evident 
among women. Also, women living in the most deprived neighborhoods presented a small increase in 
the daily consumption of fruits and vegetables and decrease in leisure-time physical activity levels.  
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The more homogenous distribution of fruits and vegetables consumption and leisure-time physical 
activity within neighborhoods among women can be interpreted by considering the gender 
differences in the construction of identities and role expectations. We argue that these translate 
deep-rooted gender differences both in the domestic responsibilities and sports preferences. Even 
though the domestic and family roles of women and men have been converging over the last 
decades, Portuguese women are still more centered on the domestic sphere of the home and family, 
which increases the opportunities for local social interactions. By being closer to the domestic space, 
women are also more likely to be responsible for the maintenance of their family’s health and 
wellbeing through groceries management or meal conception and preparation. These nurturing 
activities are likely influenced by local dietary beliefs and symbolic values, which might explain the 
more homogenous distribution of neighborhood fruits and vegetables consumption among women. 
On the other hand, men’s social interactions seem to be more spatially scattered. For instance, the 
common practice of collective sports by men involving friends or co-workers frequently implies the 
spatial displacement of at least some elements. In turn, women tend to engage in individual sports 
activities that are more dependent on the availability of adequate facilities at the vicinity level. These 
gender differences may help explain the higher neighborhood leisure-time physical activity clustering 
among women. 
Women living in more deprived neighborhoods had a small but measurable increase of almost half a 
portion of fruits and vegetables per day, when compared to those living in the most affluent 
neighborhoods. This finding apparently conflicts with the results obtained in Paper 2, where 
increasingly educated women were more likely to ingest at least 5 portions of fruits or vegetables 
per day, and deserve a closer scrutiny. Even if there is a strong association between individual and 
neighborhood SEP, as clearly shown in Paper 3, with the proportion of subjects with lower 
occupation being more than 6 times higher in the more deprived neighborhoods when compared 
with their most affluent counterparts, the contextual analysis performed in Paper 3 was adjusted for 
individual education. To the extent our modeling strategy was successful in dealing with 
neighborhood selection and confounding issues, our results point to a small increase on the fruits or 
vegetables intake in more deprived neighborhoods, independently of individual SEP. As such, 
contextual characteristics of the studied neighborhoods must account for the differences found. In 
Porto, the spatial density of small food retailers selling fresh fruits and vegetables is much higher 
among the most deprived neighborhoods. Also, if a larger proportion of meals away from home 
occur among people living in more affluent neighborhoods, this could also contribute to these 
results, as eating away from home has been associated with a lower dietary quality. Finally, in Porto, 
subsistence agriculture is more common in the most deprived neighborhoods. As expressed in the 
section of the introduction of this thesis, agricultural production is sometimes a complementary 
secondary activity and the practice of agriculture-related activities may work as a buffer by providing 
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families transient subsistence conditions in the transition periods between unemployment and 
employment. This hypothesis is supported by the much larger unemployment rates found in the most 
deprived neighborhoods of Porto. The fact that there is conflicting evidence in the international 
literature regarding the direction of the associations between neighborhood deprivation and fruits 
and vegetables consumption points to the fact that these relations are complex and strongly 
dependent on contextual factors.  
Women living in the most deprived neighborhoods had a small decrease in leisure-time physical 
activity levels, when compared to those living in the most affluent neighborhoods. The presence or 
absence of local facilities like walking trails is likely to influence opportunities for exercise. Although 
we did not have a direct measurement, in Porto, walking trails or cycling paths are clearly more 
common along the river or sea borders, which more commonly correspond to more affluent 
neighborhoods. Gender differences in sports preferences may help understand the gender 
heterogeneity found in leisure-time physical activity. Although the gap between genders seems to be 
decreasing, women still prefer more aesthetical and individual activities like swimming or aerobics. 
Activities such as these have to be paid and practiced in appropriate facilities, which are more 
common in affluent neighborhoods. Finally, societal pressures regarding participation in sports that 
have a strong emphasis on appearance of thinness are likely more relevant to women living in more 
affluent areas, compared to women living in the most deprived neighborhoods. In fact, the 
association between body dissatisfaction and body mass index have been reported to be stronger 
among women living in affluent neighborhoods. 
4.1.3 MIGRATION 
Our migration studies enabled us to assess different and complementary outcomes related to CVD. 
Specifically, in Paper 4, we studied healthcare use by comparing the proportion of migrants and non-
migrants with a blood pressure, cholesterol check or medical visit in the previous year. Furthermore, 
we also compared self-perceived health between these groups. In Paper 5, we explored another 
dimension plausibly related to CVD by comparing the proportions of medical treatment and control 
in hypertension, hypercholesterolemia and diabetes, between residents in Porto and migrants to 
Lausanne. The higher proportion of medical consultations in the previous year among migrants to 
Switzerland is probably related to the existence of more frequent mandatory occupational medical 
visits, since most Portuguese go to Switzerland for work. Another possible explanation may lie in the 
differences between the Portuguese and Swiss health systems. Whereas in Switzerland a citizen can 
have several assistant physicians and the choice of the general practitioner is free, in Portugal patients 
should register at a health center, where they are attributed a unique family doctor. Hence, it is likely 
that accessibility to medical consultations is higher in Switzerland. Still, it would be important to take 
into consideration the appropriateness of use of care. Portuguese migrants reported more frequently 
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having a “very good” or “good” health status than resident Portuguese. We argued that the most 
likely explanation could be employment, since there are huge differences in unemployment rates 
between these two countries. Other possible explanations included the incomplete adjustment for 
other potential confounders or a “healthy migrant effect”. However, the fact that the probability of 
self-reporting health status as “good” or “very good” increased with the number of years in 
Switzerland argues against the latter hypothesis. However, we could not exclude the possibility of 
unhealthy migrants being more likely to return to their Portugal earlier, which could result in a partly 
artificial association. In Paper 5, Portuguese dyslipidemic subjects living in Porto were less likely to be 
treated and less likely to be controlled than Portuguese living in Lausanne. This finding agrees with 
the results of Paper 1, where only 30% of subjects eligible to receive lipid-lowering pharmacologic 
therapy were actually medicated. Also, it agrees with the relatively low proportion of medicated 
subjects achieving the metabolic treatment goals. We concluded that Portuguese living in Lausanne 
presented a better cardiovascular risk profile and tended to be better managed regarding their 
cardiovascular risk factors than Portuguese living in Porto. 
Three outcomes were common between Papers 4 and 5: smoking, obesity and hypertension. Yet, the 
results were inconsistent in all of them. Whereas the prevalence of smoking was higher among 
Portuguese migrants to Switzerland in Paper 4, no differences in smoking were found between 
migrants to Lausanne and residents in Porto in Paper 5. In Paper 4, we argued that this difference 
probably resulted from residual confounding by socioeconomic status, since the adjustment for 
education alone may not have accounted for the whole socioeconomic effect on smoking. This view 
is supported by the results of Paper 2, where smoking was much more common among low SEP 
individuals overall. Additionally, we argued that the lack of national legislation regarding smoking bans 
in Switzerland could also have had a contribution, which could have led Portuguese migrants to be 
less constrained regarding smoking in Switzerland. In Paper 4, we concluded that Portuguese 
migrants do not differ from Portuguese residents regarding BMI and obesity levels. In Paper 5, on the 
other hand, we found that Portuguese migrants had lower BMI and obesity levels than Portuguese 
living in Porto and concluded that these differences could partly be due to the relatively lower 
awareness and obesity screening rates occurring in Portugal or to differences in dietary intake or 
physical activity. In Paper 4, the prevalence of self-reported hypertension was similar between 
migrants and non-migrants. Conversely, in Paper 5, Portuguese individuals living in Porto had higher 
blood pressure levels and were more frequently hypertensive than Portuguese living in Lausanne. 
Together, these findings could point to an increased awareness on hypertension among migrants, 
although other differences in attitudes towards prevention and in dietary habits could explain these 
differences. This rationale was supported by previously reported differences in mean salt estimated 
by 24h urinary sodium excretion, which were higher in Portugal than in Switzerland. In the same 
direction, we reported higher LDL cholesterol and lower HDL cholesterol levels among Portuguese 
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living in Porto, even though there were no differences regarding total cholesterol and triglycerides 
levels.  
Overall, the results of Papers 4 and 5 regarding smoking, obesity and hypertension seem to support 
the idea that the setting of migration influences the effect of migration itself, as the migration profile 
of individuals going to Switzerland in general might be different of that of individuals migrating 
specifically to Lausanne. Also, any systematic differences between the general Portuguese population 
and Porto’s residents in the association of migration with the studied outcomes would limit 
comparability between studies. Finally, the fact that data was self-reported in Paper 4 and objectively 
measured in Paper 5 also limited our ability to directly compare results. As such, we believe that no 
final conclusions can be derived by these studies regarding the studied outcomes.  
4.1.4 ECONOMIC REGION 
In Paper 6, we quantified and compared educational and occupational inequalities in obesity across 
seven economic regions of Portugal. Among women, the prevalence of obesity increased with 
decreasing levels of education and occupation in a dose-response manner. We also reported large 
regional variations in the magnitude of relative and absolute educational inequalities. Among men, no 
clear socioeconomic gradients were found, even though obesity was more common among people 
with a low educational or occupational level in all regions. This gender difference is consistent with 
the findings of Paper 2 and was already partly discussed in the section of this discussion devoted do 
gender. Gender heterogeneity in physical activity patterns in the most disadvantaged socioeconomic 
groups may help explain these differences. Blue collar, in which typically men engage more frequently, 
tend to be more physically demanding, thus diluting socioeconomic gradients among men. Yet, non-
behavioral factors may also help explain gender differences. For instance, socioeconomically 
disadvantaged women seem to be more vulnerable than men to unfavorable psychosocial stressors 
over the lifecourse. This gender specificity might influence adiposity through disturbances in 
physiological stress systems. Additionally, compared to men in the same SEP, women tend to earn 
lower wages, which could amplify these mechanisms. On the other hand, gender differences may also 
be explained by reverse causation, since overweight during adolescence and early adulthood tend to 
have more severe socioeconomic consequences in women than in men.  
Among women, the largest relative and absolute educational inequalities in obesity were found in 
Alentejo. These gradients were mostly grounded on a relatively high prevalence of obesity among the 
least educated women, but especially on a low prevalence of this condition among their most 
educated counterparts. Also, the fact that the majority women belonged to the lowest educational 
group further contributed to the large inequalities found, as the calculation of relative and slope 
inequality indexes involve the cumulative distribution of educational attainment. Alentejo is highly 
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rural, with a low population density, a relatively low gross domestic product and the highest 
unemployment rate of all regions analyzed. In order to assess whether the magnitude of relative or 
absolute inequalities varied after taking into account these characteristics, we computed the RII and 
SII for Portugal adjusting for the regional percentage of the population living in an urban setting, the 
regional gross domestic product, and the regional unemployment rate. The reason we analyzed the 
effect of these adjustments at a country level relates with the non-variability on the adjustment 
variables at economic region level. This means we assumed that any variations on the magnitude of 
inequalities at the country level would imply an impact of these variables at level of economic regions 
themselves. Yet, no important changes in the estimates for these indexes were found. As such, we 
conclude that inequalities are being driven by different unmeasured factors and that further studies 
are needed to fully explore this issue. 
The regional differences in educational inequalities were similar to those observed between 
countries. Specifically, in a previous study that compared educational inequalities in self-reported 
obesity across European countries, the RIIs among women varied from 1.5 in Latvia to 6.8 in 
Portugal. In Paper 6, the RIIs varied from 2.4 in the Centre region to 6.6 in Alentejo. This finding is 
important since it shows that the direct evaluation of inequalities at the country level may hide 
important within-country variations. We therefore advised that the implementation of national 
policies aimed to reduce inequalities in health outcomes should likely be tailored to meet the 
regional specificities within each country. 
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4.2 METHODOLOGICAL DISCUSSION 
4.2.1 STUDY SETTING AND DESIGN 
The cross-sectional nature of all the papers that compose this thesis deserves our attention, even 
though it does not affect all papers in the same manner. In Paper 1, all high-risk subjects defined by 
the 10-year risk predictions were considered eligible for treatment with lipid-lowering drugs if they 
had blood total or LDL cholesterol levels above the recommended thresholds, despite the 3-month 
period of intensive lifestyle advice proposed by the guidelines. This limitation could have led to the 
overestimation of hypercholesterolemia and eligibility for drug treatment. Furthermore, we did not 
account for duration of treatment to define therapeutic success. The same applies to Paper 5, where 
we compared therapeutic success between migrants and non-migrants. In papers 2 and 6, reverse 
causation could explain some of the results, although we believe this is unlikely to be a major 
explanation for the results. Whereas in Paper 2 we analyzed a sample of subjects 40 years or older, 
in Paper 6 we studied subjects 20 years or older. In both papers, we used educational attainment and 
occupation differentiation as SEP indicators. One interesting characteristic of education is that it 
generally remains stable in the adult age and is not frequently influenced by health problems. 
Furthermore, the completion of 12 years of completed education, which we defined as the minimum 
educational level in the highest educational category, is usually attained prior to the age of 20. 
Although occupation differentiation is more variable throughout adulthood, it is unlikely it would be 
affected by the studied outcomes, since they have generally little effect on the abilities people have to 
adequately perform their jobs. Furthermore, the socioeconomic gradients were generally consistent 
whether using education or occupation as SEP indicators, which reinforce the robustness of these 
findings. In Paper 3, the cross-sectional nature of paper clearly limited our ability to address causality 
of the association between neighborhood deprivation and fruits or vegetables consumption or 
leisure-time physical activity. Yet, our analytical approach did conform to a causal framework. The 
sequential adjustment for background factors leading individuals to reside in a particular 
neighborhood and plausible individual-level confounders aimed to minimize health selection and 
confounding effects. To the extent that our models were successful in addressing these issues, our 
fully adjusted estimates of contextual neighborhood effects should be valid. In papers 4 and 5, we 
aimed to explore the effect of migration on cardiovascular risk factor levels and prevalence, 
healthcare use and self-perceived health. If migration has a true impact on these outcomes, it is 
expected that time since migration has noticeable effect on these associations. The cross sectional 
design of our studies meant we were not able to evaluate the variations on these outcomes 
throughout time in the same subjects. Still, in Paper 4, we found that subjects who had been in 
Switzerland for a longer period were more likely to have had a cholesterol check in the previous 
year and to self-rate their health as “good” or “very good”.  In Paper 5, although this kind of 
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stratified analysis could have given additional information, we opted not to perform it due to the 
relatively small sample size and the fact that most migrants were in living in Switzerland for at least 5 
years.  
4.2.2 DATA SOURCES AND POTENTIAL FOR SELECTION AND INFORMATION 
BIAS 
Most of the samples we used throughout are thought to be nationally or locally representative. In 
papers 1, 2 and 3, we used data from the baseline evaluation of the EPIPorto cohort, which is 
thought to be representative of the city of Porto at the time of recruitment. In papers 4, the 
characterization of Portuguese residents was based on data from the nationally representative 
National Health Survey 2005/6 and two different sources of data were used to characterize migrants: 
the Swiss Health Surveys (2002 and 2007), and two nationwide migrant studies commissioned by the 
Swiss Federal Office of Public Health (2004 and 2010). Selection bias of Portuguese migrants is a 
potential problem in the Swiss Health Surveys, as subjects who did not speak French, German or 
Italian were excluded. This could imply a bias in the direction of participants with higher education or 
who have been living in Switzerland long enough to learn the language. However, since the Swiss 
Migrant Surveys have been conducted in the participant’s mother tongue and these contributed for 
the majority of observations, we believe that this bias is reduced. The low participation rate of 
Portuguese migrants in the 2010 migrant study (37.9%) may have also limited representativeness. Yet, 
this specific survey contributed with only one third of observations of the overall sample of 
Portuguese migrants. As such, any possible systematic errors were diluted in the analyses. In Paper 5, 
we compared Portuguese migrants to Lausanne with a sample of individuals living in Porto, which is 
clearly non-representative of the overall migrant Portuguese population. If systematic differences in 
characteristics in the relation between migration and the studied outcomes exist between the 
general Portuguese population and Porto’s residents, we reckon there is space for a selection bias 
issue to arise. Furthermore, some of the inconsistency between the results of papers 4 and 5 might 
be explained by this bias. In Paper 6, we exclusively used data from the National Health Survey, 
which has been specifically designed to be representative of the Portuguese population.    
4.2.3 STATISTICAL ANALYSES 
Throughout this thesis, various different statistical methods were explored. Despite this variation, a 
consistent analytical sequence was applied in all papers. Every results section began with a sample 
description in which we tried as much as possible to report data in a way that allowed readers to 
apprehend the most important features of the sample being analyzed. Depending on the objectives of 
each of the 6 papers, the choice of the statistical modeling techniques was based on two main 
criteria: statistical adequacy and transparency. For instance, in Paper 3, there were various possible 
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analytical approaches for the characterization of the socioeconomic environment of neighborhoods. 
Perhaps the most obvious choice would involve a principal components analysis. Yet, we opted to 
apply latent class analysis models to our data. This decision allowed us to characterize 
neighborhoods based on the 11 SEP indicators chosen a priori by simply interpreting their average 
values across the three neighborhood socioeconomic classes identified by the models. We argue that 
this output format is more transparent and easier to understand than it would be if we were to 
interpret the loadings of each variable, as present on the outputs of principal components analysis 
models.  
We believe that the richness of the statistical models used in this thesis is one of its strengths. 
Unconditional logistic regression models were used to estimate the associations between exposures 
and binary outcomes in papers 1, 4 and 5. In Paper 2, the gender-specific risk factor prevalence in 
each education and occupation group was age-standardized using the European standard population. 
In Paper 5, we estimated the adjusted means for quantitative outcomes using analysis of variance. In 
Paper 6, we used generalized linear models with a logarithmic or an identity link function to estimate 
relative or slope inequality indexes, respectively. The 2-level hierarchical structure of data used in 
Paper 3 made us delve into multilevel modeling techniques. In our context, we fitted fully 
unconditional random effects models with random intercepts at the neighborhood level with the 
objective of separately assessing clustering and contextual effects.  
Interactions were also always a methodological concern throughout the preparation of all papers. In 
Paper 1, the prevalence of hypercholesterolemia increased significantly with age among women but 
not among men. In the same paper, we also found a gender interaction in the association between 
eligibility to drug therapy and age. Although eligibility for drug treatment increased with age in both 
genders, this association was stronger among women. In Paper 2, we found very obvious gender 
interactions between education or occupation and cardiovascular risk factors. The same occurred 
with the associations between neighborhood SEP and fruits or vegetables consumptions and leisure-
time physical activity studied in Paper 3 and to educational inequalities in obesity, reported in Paper 
6. These findings led us to stratify all analyses in these papers by gender. Regarding the papers 4 and 
5, although the comparison between migrants and non-migrants was the main focus of the analyses, a 
separate analysis for women and men might have offered additional information. However, the large 
number of outcomes and, particularly in Paper 5, the relatively small sample size precluded us to 
further stratify our analyses by gender. 
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4.3 EXTERNAL VALIDITY 
Most of the research presented in this thesis dates back to the year 2000. Although the biological 
mechanisms thought to link socioeconomic factors to health outcomes are mostly independent from 
the secular time being studied, they interact with the contextual characteristics that vary across time. 
The Portuguese society underwent important changes over the last decade. The sovereign debt crisis 
that hit some Western economies was particularly hard on Southern European countries. Although 
we are yet to quantify the complete societal impact of this crisis, some aspects are already evident 
nowadays. One example is the large number of insolvencies of small and medium sized enterprises 
that fueled an important part of the Portuguese economy. These bankrupt enterprises catalyzed a 
massive increase of unemployment rates and a large decrease of per capita purchasing power. Also, 
some of the austerity measures imposed by the external creditors targeted the reduction of labor 
costs in order to increase international competitiveness. Yet, for most Portuguese workers, this 
merely meant a reduction of the available monthly income. Increased taxation, not only over wages, 
but also over some important consumers’ goods, was another response of the Portuguese 
government to the economic deficit. Lastly, some welfare-state benefits have also suffered important 
cuts in order to decrease the public expenditure burden. These cuts may have important social 
consequences, particularly when they are performed on unemployment benefits or subsistence social 
allowances. These state-funded subsidies frequently serve as a fundamental economical buffer, 
particularly for families with more than one unemployed individual. Given the extent and 
profoundness of these societal changes, it is difficult to maintain that the results of this thesis would 
be exactly the same if they were based on more recent data. Although it is difficult to predict exactly 
what would change in our results if more recent data were to be used, we expect that larger social 
asymmetries in health would probably be found.  
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5. CONCLUSION 
 
Amartya Sen gave us a new perspective on justice. His notion of individual capabilities implies that 
every ethical theory of social arrangement tends to demand equality in some aspect, such as liberties, 
rights, opportunities, or income. Sen proposes that the maximization of people’s freedom to live 
their lives according to their own life plan should be the ultimate criterion for the judgment of how 
developed a society is.  In other words, governmental actions should be weighed against the 
concrete capabilities of their citizens. For citizens to be able to choose their life plan, they first must 
have the conditions to do so. These conditions range from broad issues, such as education, to more 
specific ones, like access to facilities or equipments. The absence of such conditions would otherwise 
work as barriers to the true exercise of individual personal choices. This broad theoretical reasoning 
has important implications when applied to the specific field of health inequalities. Even though 
certain citizens have the capacity of choosing not to engage in adverse lifestyles that increase the risk 
of CVD, structural socioeconomic barriers ranging from low education to lack of access to adequate 
sports facilities may impair their real ability to choose. Under this view, even variations between 
socioeconomic groups in behaviors or attitudes commonly assumed to depend exclusively on 
personal will may be conceived as health inequities.  
We argue that most of the examples of inequalities presented throughout this thesis can be 
considered to be unjust according to Sen’s theory. We found important differences between 
genders, educational and occupational groups, neighborhood socioeconomic environment, migration 
status and across economic regions. All of these constructs are important socioeconomic stratifiers. 
Furthermore, these differences were found on a broad set of outcomes differently related to CVD, 
ranging from early behavioral risk factors like smoking, physical inactivity or obesity, going through 
attitudes towards healthcare use, to then finish on the assessment of inequalities in hypertension, 
hypercholesterolemia or diabetes mellitus and their respective proportions of treatment uptake and 
control. How fair is a society in which a large part of its population is at an increased risk for CVD 
because of structural societal factors beyond the individual will? 
There are no easy answers when it comes to design policies to reduce health inequalities. The three 
general recommendations of the Commission on Social Determinants of Health provide an excellent 
starting point although they should be modeled to the contextual idiosyncrasies of the Portuguese 
society. These recommendations included interventions aiming 1) to improve daily living conditions, 
2) to challenge the inequitable distribution of power, money, and resources, and 3) to measure and 
understand the problem and assess the impact of action.  
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Many interventions might plausibly improve daily living conditions. The provision of quality 
compulsory primary and secondary education for the young regardless of the ability to pay is a well-
established reality in Portugal. Yet, efforts should be made to identify and address the barriers to the 
progressive increase of school enrolment and completion rates. Efforts should also be made to level 
health and related outcomes in economically vulnerable students through the provision of 
scholarships. Urban development plans may also play an important role in the improvement of living 
conditions by ensuring a greater availability of affordable housing. In Porto, there are several housing 
clusters scattered along the most deprived neighborhoods with poor building and sanitary conditions, 
which are sometimes shared by a large number of families. Priority should be given to the upgrade of 
these poverty slots, regardless of ability to pay. Furthermore, attention should be given to the 
supply/quality of public sidewalks and walking trails for increasing physical activity levels of 
communities. Investment in active transport, retail planning and regulation to manage access to 
unhealthy foods and good environmental design are other urban planning measures that might 
promote healthy and safe behaviors equitably.  
Public sector leadership in equitable healthcare systems financing should be strengthened to ensure 
universal access to care independently of the ability to pay. Over the last two decades, Portugal has 
witnessed a profound reform of primary health care organization. The substitution of traditional 
health centers by family health units with functional, organizational and technical autonomy 
constituted by multidisciplinary teams of clinical clerks, family doctors and family nurses dramatically 
increased both accessibility and health indicators. Yet, this reform has been slowing down likely due 
to the financial constraints posed by the sovereign debt crisis. We argue that the long-term benefits 
of having an accessible, effective and motivated primary care sector outweigh the initial costs 
associated with its modernization and would contribute to decrease inequalities not only in health 
care use, but also in primary, secondary and tertiary prevention strategies uptake rates.  
The inequitable distributions of power, money and resources should also be challenged. The impact 
of such distributions of health outcomes may be partly overcome by reinforcing the primary role of 
the state in the provision of basic services essential to health and the regulation of goods and 
services with a major impact on health (such as tobacco, alcohol, and food). The implementation of 
pricing policies to increase healthy food choices should be considered. Also, the creation and 
implementation of legislation that promotes gender equity and makes discrimination on the basis of 
sex illegal would likely result in the decrease of gender inequalities in health.  
The third overarching recommendation of the Commission was to measure and understand the 
problem and assess the impact of action. Ensuring that routine monitoring systems for health equity 
and the social determinants of health are available is essential to provide updated pictures of local or 
national needs. As such, it is crucial to invest in the generation of new knowledge on the ways in 
 
161 
which social determinants influence population health and on the effectiveness of measures to reduce 
health inequities through action on social determinants. Finally, providing training on the social 
determinants of health to policy makers, stakeholders, and practitioners and raising public awareness 
should also be priorities.  
 
 
 
 
In Medicine, diagnostic investigations are seldom precluded by the fact that treatments are difficult to 
implement. The same should apply to Politics. I believe it is absolutely essential to perform an 
adequate diagnosis of inequalities in health if we are to seriously consider the implementation of an 
effective treatment. This thesis contributed to that diagnosis by describing how socioeconomic 
inequalities shape the cardiovascular health of the Portuguese population.  
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Medicine is a social science, and politics is nothing but medicine at a larger scale. 
Rudolph Wirchow, 1848  
 
164 
  
 
165 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I think my melodies are superior to my lyrics. 
Freddie Mercury, somewhere between September 5, 1946 and November 24, 1991  
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